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PREFACE TO THE FOURTH EDITION. 



The great and steadily increasing favour bestowed on 
this work, as modified by its author in 1842, would seem 
to indicate that no further changes were needed, or would 
be acceptable to teachers : the undersigned has therefore, 
in revising the third edition for the press, thought it best 
to confine himself principally to a correction of typo- 
graphical, and other errors; and to such additions as the 
recent progress of the science demanded. Some additions 
have been made in the chapter on instruments; and, 
throughout the First Part, such changes and modifications 
'Of the formulae and demonstrations introduced, as have 
been dictated by eight years* experience in the use of this 
work as a class book. The tables of the elements of the 
planetary orbits, have been arranged in a more convenient 
form, and extended so as to include those of the new 
planets, as far as they are at present known. These ele- 
ments have been invariably derived from the most reliable 
sources. In the Second Part, very many inaccuracies 
have been corrected, and several problems and examples 
of a practical nature inserted. In connection with one of 
these problems, a table of reductions to the meridian has 
been given at the end of the book. With this exception, 
and that of an alteration in Table IX., adapting it to the 
present time, the tables are the same as those in the third 
edition. 

E. 0. Kendall. 

Central High School, Philadelphia, Februwryl, 1861. 
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PREFACE TO THE THIRD EDITION. 



In preparing this edition^ the greater part has been 
written anew and so modified as to increase the value of 
the work as a text book. Several of the more abstruse 
investigations of the First Part have been omitted, refer- 
ences being made to larger works, and others have been 
transferred to the Appendix. Many of the figures illus- 
trating the text have been rendered more perspicuous by 
a change in the construction, and a number of new ones 
are added. The progressive state of the science has 
claimed attention, and notices of recent results have been 
introduced. 

The Appendix, in addition to the other matter, contains 
Professor Bessel's late investigation of formulaa for com- 
puting Solar Eclipses, Occultations and Transits, reduced 
to a more elementary form. In the Second Part, the for- 
mulsB are applied in the computation of these phenomena. 

The Tables are nearly the same as in the last edition. 
Instead, however, of some small ones, which have been 
omitted, a table of Logarithms, and one of Logarithmic 
Sines and Tangents to foiu: decimal figures, have been in- 
serted. These are convenient in many computations not 
requiring greater precision. 

John Gummebe. 

Haverfard School, 9mo. 1842. 
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PAET I. 
CHAPTER L 

GENERAL PHENOMENA OF TED HEAVENS — ^DEFINITIONS AND 
PRELIMINAIt'i[' OBSERVATIONS. 

1. Astronomy J or Plane Astronomy, is the science which treats 
of the motions, distances, magnitudes, and appearances of the 
heayenly bodies. Physical Astronomy applies the principles of 
mechanics to explain their motions. 

2. General Observations. If, on a clear night, we fix our atten- 
tion on the heavens, and continue to observe them at intervals for 
a few hours, we may, without the aid of any instruments, make 
some useful observations. It will be seen that the stars retain the 
same positions with regard to one another ; but that their positions 
with respect to the earth are continually changing. Those in the 
eastern part of the heavens become more and more elevated, and 
others that were not at first visible, come into view, or rise. Those 
in the western part, descend lower and lower till they go out of 
view, or set. In the southern part, some will be observed to rise, 

2 9 
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10 ASTRONOMY. 

ascend to small elevations, and then descend and set, to the west 
of their places of rising.* 

3. Circumpolar Stars. If we direct our attention towards the 
north, different phenomena are presented. In that part of the 
heavens, there are many stars which do not set. Those that are 
descending continue to do so till they arrive at certain lowest 
points, and then begin to ascend. They appear to revolve or de- 
scribe circles about a certain star which seems to remain stationary. 
This star is called the Pole Star, All the stars that do not set are 
called Circumpolar Stars. 

4. North Pole. When the pole star is more accurately observed 
by the aid of suitable instruments, it ceases to appear stationary. 
It is found to have an apparent motion in a small circle, round a 
certain point as a centre, or geometric pole, distant about 1 J° from 
it. This point is called the North Pole of the heavens, or simply 
the North Pole. 

5. Diurnal Motion. If our observations are repeated on suc- 
cessive evenings, we find the same stars moving in the same man- 
ner, and occupying, at any given time in the evening, very nearly 
the same positions with regard to the earth as at the same time the 
preceding evening. The stars, therefore, and indeed all the hea- 
venly bodies, appear to revolve round the earth from east to west, 
in about twenty-four hours. This motion is called the Diurnal 
Motion. 

6. The Moon. If the situations of the moon be observed on suc- 
cessive nights, it will be found that she changes her position among 
the stars, moving among them from west to east: that is, in a di- 
rection contrary to that of the diurnal motion. By this motion she 
makes a complete circuit of the heavens in about twenty-seven days. 

7. The Sun. The sun also appeal to have this motion from 
west to east, among the stars. This may be inferred from ob- 
serving the position of different groups of stars after the sun has 

♦ Here and in other parts of the "work, unless the contrary is mentioned, the 
observer is supposed to be in the United States^ or southern or middle parts of 
Snrope. 
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CHAPTER I. Jl 

iet. If onr observations are repeated at intervals for some weeks 
or months, we shall find that the sun appears continually to ap- 
proach the stars to the eastward of him. He thus, in the course 
of a year, appears to make an entire circuit of the heavens. 

Owing to this apparent annual motion of the sun, the groups 
of stars visible at a given hour in the evening, and their positions 
at that hour, are very different at different seasons of the year. 

8. Planets. There are likewise several stars which have motions 
among the other stars, moving generally like the sun and moon, 
from west to east; though sometimes for short periods they appear 
to move in the contrary direction. These are called Planets, 

Five of the planets, named Mercury^ Venus, Mars, Jupiter, and 
Saturn, are visible to the naked eye, and were known to the an- 
cients. Within the last seventy-five years, thirty-three others \V\v 
have been discovered with the aid of the telescope, without which 
they are invisible. Their names are Uranus,' Neptune, Flora, 
Melpomene, Olio, Euterpe, Vesta, Iris, Metis, Phocea, Massalla, 
Htbe, Lu^etia, Parthenope, Fortuna, Thetis, Amphitrite, Astrcea, 
Egeria, Irene, Thalia, Eunomia, Proserpina, Juno, Geres, Pallas, 
Bellona, Calliope, Psyche, Hygeia, Themis;* these with the excep- 
tion of Uranus and Neptune are called Asteroids. 

9. Satellites. Observations with the telescope show that sorao 
of the planets are accompanied by one or more smaller bodies, 
whose positions are continually varying. These small bodies, are 
called Moons, Satellites, or Secondary Planets; those named in 
the preceding article being called Primary Planets. 

Of the Satellites known at this time, four revolve around Jupiter, 
eight around Saturn, six around Uranus, and one around Neptune. 

10. Planetary Regions. The sun, mooa, and planets, with 
their satellites, move through nearly the same region of the hea- 
vens, the courses of the moon and planets, except Pallas and one 
or two other Asteroids, not differing greatly from that of the sun. 

11. Comets. There is a class of bodies that appear occasionally 
in various parts of the heavens, moving in various directions among 
the fixed stars, and only continuing visible for a few weeks or 
months. These are called Comets. 

A comet is not unfrequently accompanied by a faint brush of 
light, projecting from it on the side opposite the sun, and extending 
in some cases to a great distance. This is called the tail of the comet. 

• The names of the two last diseoTered h&ye not jet been annoaDced 
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12 ASTRONOMY. 

12. The Earth. The earth is a body of a globular form. This 
may be inferred from the following well known facts. When per- 
sons on board a ship at sea, obserre another ship receding from 
them, they first lose sight of the hull; then of the lower sails; 
afterwards of those that are higher ; and lastly of the most lofty 
sails. To an observer at the mast head, the receding ship con- 
tinues yisible long after it has ceased to be seen by those on deck ; 
the different parts eventually disappearing to him in the same 
order as to those below. This takes place in whatever direction 
the ship recedes, and in whatever part of the ocean the observa- 
tions are made. Hence it follows that the surface of the ocean 
must be globular; and as the general level of the land does not 
greatly differ from that of the ocean, the whole earth may be re- 
garded as a globular body. 

By methods that will be noticed in a subsequent chapter, it has 
been ascertained -that the earth is nearly, though not exactly, a 
perfect sphere, and that its diameter is about 7912 miles. 

13. Fixed Stars. Those stars which do not sensibly change 
their positions with regard to one another are called fixed stars. 
They are at an immense distance from the earth. This may be 
inferred from the fact that the angular distance of any two of them 
is found to be the same at whatever part of the earth the observa- 
tion is made. It has indeed be^n ascertained by means which may 
hereafter be understood, that the distance is so immensely great 
that the angle contained between two lines conceived to be drawn 
from one of them to opposite sides of the earth must be less than 
the ten thousandth part of a second. We may therefore regard 
the diameter of the earth as an insensible quantity in comparison 
with the distance of the stars. 

In consequence of their immense distance, the fixed stars appear 
merely as luminous points, even when viewed with telescopes of 
high power ; whereas the planets, when thus viewed, present sen- 
sible and measurable discs. 

14. CelestiaJ Spher:. It is not supposed that the fixed stars are 
all at the same distance from the earth. But since their distances 
are all so exceedingly great that no change of position on the 
earth produces any appreciable change in their positions with re« 
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CHAPTER I. 18 

gard to one another, we may regard them as placed in the concave 
surface of an immense hollow sphere, having its centre at the centre 
of the. earth. This imaginary sphere is called the Celestial Sphere. 

15. Diurnal motions of the fixed stars. Each star in its diurnal 
motion, moves uniformly, in a circle of which the north pole of the 
heavens is a geometric pole. The method by which the truth of 
this proposition is established, will be given in a subsequent chapter. 

16. Stars during the day. The strong light of the sun over- 
powering the feebler light of the stars renders them invisible to the 
naked eye during the day time. But by the aid of a telescope the 
brighter stars, except those near the sun, may be distinctly seen, 
and observations may be made on them in the full light of day. 

17. Copemican System. Copernicus, a celebrated Prussian as- 
tronomer, who flourished in the early part of the sixteenth century, 
formed a theory or system to account for the apparent motions of 
the heavenly bodies. According to this system, the apparent di- 
urnal motion from east to west is produced by a rotation of the 
earth from west to east^ about a line or axis passing through its 
centre and the north pole of the heavens : the apparent annual mo- 
tion of the sun is produced by a real motion of the earth, round 
the sun at rest; the planets also revolve round the sun at different 
distances and in different times ; and the moon revolves round the 
earth and with it round the sun ; the revolutions all being from 
west to east. The truth of this system, called, from its author, th« 
Copemican System^ is confirmed by many astronomical facts ; and 
no fact inconsistent with it is known to exist. Astronomers, there- 
fore, adopt it as the true system. Some confirmations of its truth 
will be noticed in subsequent parts of the work. 

18. Order of the planets. The order of the primary planets 
with regard to their distances from the sun, including the earth 
as one, and also those discovered since the time of Copernicus, is 
Mercury, Venus, the Earth, Mars, the Asteroids in the order given 
in Article 8, Jupiter, Saturn, Uranus, and Neptune. 

Mercury and Venus, having their orbUsy or paths which they 
describe round the sun, within that of the earth, are called inferior 
planets. The others, whose orbits are without that of the earth* 
are called superior planets. 
B 
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19. Characters. The following characters, by which the son, 
moon, and planets are sometimes designated, should be impressed 
on the memory of the student. 

LntetU (g) 

Calliope @ 

Thalia @ 

Themis @ 

Phocea (g) 

Proserpina ^ 

Euterpe @ 

Bellona (g) 

Amphitrite @ 

Jupiter %, 

Saturn ^ 

Uranus >J< or § 

Neptune ^ 



San % 

Mercury § 

Venus 9 

Earth Gor j 

Moon (^ 

Mars (^ 

Ceres 5 **' ® 

Pallas .$^ or® 

Juno $ or® 

Vesta ft or® 

Astraea ® 

Hebe ® 



Flora ® 

Metis „.. ® 

Hygeia @ 

Parthenope @ 

Clio or Victoria @ 

Egeria @ 

Irene @ 

Eunomia (i5) 

Psyche @ 

Thetis @ 

Melpomene @ 

Fortuna @ 

Massalia ® 



Iris ® 

In the above table the asteroids are arranged in the order of 
their discovery. 

20. Solar System. This expression simply implies the sun and 
bodies connected with him, as the planets and satellites, the earth 
and moon included, and comets, without any reference to their 
arrangement. 

21. Attraction of Gravitation. That force which causes a heavy 
body to descend to the earth, when left free to move, is called 
gravity^ or the attraction of gravitation. Sir Isaac Newton assum- 
ing this force to decrease in intensity in the inverse ratio of the 
square of the distance from the earth's centre, found that, at the 
distance of the moon, it would be just sufficient to retain her in her 
orbit around the earth. Pursuing his investigations he found that 
the assumption of similar forces in the sun and planets, varying in 
the direct ratio of the mass of the body and the inverse ratio of the 
square of the distance, would account, on mechanical principles, 
for the motions of the latter, and for other, known astronomical 
facts. He therefore inferred that attraction of gravitation is a 
universal property of matter, and that its intensity, or the force 
with which it acts, varies in the direct ratio of the mass, and the 
inverse ratio of the square of the distance. 
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CHAWER I. 17 

tial sphere. Tke oirole HORW represents the rational horizon of 
the place A.^ 

With reference to the fixed stars, the sensible horizon may be 
regarded as being the same with the rational horiison (18). 

31. The Meridian of a place is the declination circle which 
passes through the zenith of the place. It cuts the horizon at 
right angles in two opposite points, called the north and 8<mth 
points of the horizon. The circle HPZBN is the meridian of the 
place A ; and H and B are the north and south points of the 
horizon. 

32. A Vertical Circle is any great circle which passes through 

the zenith and nadir of a place. It cuts the horizon at right angles. 

The meridian ZRNH is a vertical circle, and ZSB, ZS^B' and 

ZS'^B^' are arcs of vertical circles. . 

V 

33. The Prime Vertical is that vertical circle which is at right 
angles to the meridian of a place. It cuts the horizon in two (^ 
posite points, called the east and west points of the horizon.y The 
straight line ZN represents the prime vertical, seen edgewise ; and 
and W, the east and west points of the horizon. 

84. The Altitude of a heavenly body is the arc of a vertical \ 
circle, intercepted between the horizon and the centre of the body.-^ 
Thus BS is the altitude of a body at S ; and RM is the altitude of 
a body on the meridian at M. The latter is called the meridian 
altitude. s 

35. The Zenith Dietunce of a body is its distanoe from the zenith^ 
and is equal to the complement of the altitude of the body. ^Thus 
ZS is the zenith distance of a body at S. 

86. The Azimuth of a body is the arc of the horizon intercepted 
between the north or south point of the horizon^ and a TOrtical . 
circle through the centre of the body. /iTkus BR is the asimuth 
of a body at S ; from the eouth towards the weet* 

The altitude and azimuth of a heavenly body are the coordinates 
that determine its position with reference to the horizon and me- 
ridian of a place. 

« To avoid oonftision in the figure, tho scneiUo koiiloa is aot'f uin i i t at li 

nit 8 
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Ig ASTRONOMY. 

87. The CfuXmination of a body is the passage of its centre oyer 
' the meridian of a place. This is also called the Trannt of the 

body oyer the meridian. 

The circompolar stars pass the meridian twice in every diurnal 
revolution ; once above, and once below the pole. These meridian 
ages are called respectively, Upper and Lower Oulminationt. 

88. The Sour Angle of a body is the angle contained between 
the meridian and a declination circle through the centre of the 
body.y Thus MPS is the hour angle of a body at S. 



CHAPTER n. 



ASTRONOMICAL INSTRUMENTS. 



89. The Astronomical Clock is a clock constructed with great 
care and accuracy, and furnished with a compensating pendulum : 
that is, a pendulum with a rod so formed by a combination of ma- 
terials, that its length is not sensibly affected by changes in the 
temperature of the air. 

40. A Chronometer is a balance watch, constructed with various 
improvements and refinements of modem art, so as to insure great 
precision in its movement. 

41. The rate of a clock or chronometer is its gain or loss in 
twenty-four hours. If it gains half a second in twenty-four hours, 
its rate is + 0.5 sec. ; if it loses 1.4 sec. in that time, its rate is 
— 1.4 sec. 

42. The Vernier is a divided arc or line, moveable along another 
graduated arc or line,* and serving to determine the values of 
fractional parts of the divisbns of the latter. It is an appendage 
to various astronomical instruments, and to some others. 

To explain the principle on which the vernier is constructed, let 
AB, Fig, 9, be an arc of a circle divided into degrees and sub- 
ilivided into 20' spaces, and let the vernier arc CD, be taken equal 

* Sometimes the vernier hai a fixed position and the graduated arc is moveable 
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in length to nineteen of these spaces and be divided into twenty 
equal parts. Each yemier space will then be H of a space on the 
gradaated arc. Hence if the line marked on the yernier, called 
the zero of the yemier, coincide with a division line on the arc, as 
in the figure, it is evident the first division line of the vernier must 
fall behind the next division line of the arc, by sV part of a space 
on the arc, that is by 1' ; the second division line of the vernier 
must fall behind the following one on the arc by 2' ; and thus on. 
Consequently, if the vernier is moved forward till oneof its division 
lines coincides with a division line on the arc, the zero must then 
be as many minutes forward of a division line on the arc, as is 
expressed by the number of the yemier division line. We may, 
therefore, for any position of the vernier, determine the place of 
the zero, which is the object required, by observing which of the 
vernier division lines coincides, or is the nearest to coincidence, with 
one on the arc, and adding the corresponding number of minutes 
to the degrees and minutes denoted by that division line on the arc, 
which next Recedes the zero of the vernier. Thus in Fig. 10, the 
zero of the vernier stands forward of 15^ 20' on the graduated arc, 
and the eighth division line of the vernier' coincides with a division 
line of the arc. Hence the arc indicated by the vernier is 15° 28'. 

By making the vernier equal in length to fifty-nine divisions on 
the arc, instead of nineteen, and dividing it into sixty equal parts, 
it would evidently serve to read offy or indicate the fractional part 
of a division to the accuracy of A of 20', that is to 20''. 

The reading of the vernier, that is, the precision with which it 
will indicate the arc, is varied according to the size of the instru- 
ment. In instmments of large size it is sometimes made to read 
to single seconds. 

43. The Beading 3fiero€eope is an appendage frequently attached 
to instruments, instead of the vernier, and for the same object. It 
is commonly regarded as determining the arc with greater precision 
than the vernier. 

In the body of the microscope a small frame is placed, across 
which are two spiders-lines intersecting each other in an acute 
angle. This frame with its spiders-lines is moveable by means of 
a screw having a graduated head. It may, therefore, by turning 
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the screw, be moved till a division line of the graduated arc is seen 
to bisect tiie acate angle formed by the spiders-lines. When this 
k done, the number of whole tnms of the screw gives the minutes, 
and the part of a turn as indicated by the graduated head gives 
the additional seconds, intercepted between the first position of the 
«ero of the microscope and the division line. 

44. A Tranrit ImttufHeni is an instruknent used for observing 
transits of the heavenly bodies over the meridian. It is made 
of various sizes, the length of the telescope forming a prominent 
part of it, varying from about twenty inches to ten fbet. Those 
of the larger sizes are made to rest on stone piers, abd are called 
Jtxed instruments. The smaller ones are placed on moveable stands, 
and are cdJled portahle instruments. 

In Fig. 11, which represents a portable transit instrument, AB 
is a telescope firmly connected with an axis CD, which is at right 
angles to the optical axis of the telescope. The horizontal axis 
CD, terminates in two cylindrical pivots which rest in angular 
notches in pieces of metal called Y's. The Y's are attached to 
the upper ends of the upright pieces FF of the stand ; one of 
them admits of a small lateral motion by means of a screw a, and 
the other, by means of a screw, not seen in the figure, admits of 
a small vertical motion. A graduated circle H is firmly fixed on 
the extremity of one of the pivots which extends beyond its Y for 
this purpose, and must, therefore, revolve as the telescope is turned 
to different altitudes. The double vernier index e, e, which may 
he placed in a horizontal position by means of a spirit level /, serves 
to direct the telescope to a ^ven altitude. 

The spirit level E, which rests on tho pivots of the axis, is used 
in conjunction with the foot screw b of the stand, or with the screw 
that gives a vertical motion to one of the Y's, to place the axis in 
ft horizontal position. When thus placed, the level is removed, 
and the telescope has then a free motion for all altitudes. 

In the tube of the telescope near to the eye end A, a flat ring is 
placed, across the middle of which a spiders-line is fixed in a hori- 
tontal position. This is crossed at right angles by five equidistant 
parallel lines, as repi^sented in JFV;. 12. The ring is moveable by 
means of screws which conkieot it with the tube, and may be so 
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firmly connected with the telescope and axis^ and consequently re- 
Yolying as the telescope revolves. It is nearly represented in its 
principal parts by the upper part of Fig. 13, to which reference is 
made in the next article. 

A Mural Circle is a meridian circle of large size, having its axis ex- 
tending through a massive stone pier ; the circle and telescope being 
fixed on one extremity of the axis, and a counterpoise on the other. 
In this, as in the transit instrument, provision is made for giving 
slight horizontal and vertical motions to one end of the axis. The 
angle is read off by stationary microscopes or verniers, usually six 
in number, attached to the pier. 

The Mural Quadrant is a modification of the mural circle ; a 
quadrant being substituted for the complete circle. This instru- 
ment is now rarely used, as the circle, though smaller, affords much 
more accurate results. 

The Zenith Sector is an instrument used for measuring the me- 
ridian zenith distances of stars, that culminate within a few degrees 
of the zenith. In this instrument the graduated arc does not ex- 
ceed 20^. It can, therefore, be made with a much larger radius 
than either the circle or quadrant, and admits of a more minute 
subdivision in the graduation of the arc. 

The diameter of the mural circle at the National Observatory at 
Washington is 5 feet. The largest mural circles that have yet 
been constructed, are 8 feet in diameter. The celebrated zenith 
sector of Dr. Bradley, formerly at the Greenwich Observatory, and 
now at the Cape of Good Hope, has an arc of 12^ feet radius. 

46. An Altitude and Azimuth Inetrument is an instrument used 
for observing, at the same time, both the altitude and azimuth of 
a body in any part of the heavens. 

In Fig. 13, which represents the instrument, the circular plate 
G has on it a graduated azimuth circle. This plate is attached to 
a tripod stand supported by three feet screws, two of which are 
shown at A and B. Firmly connected with the tripod, is a verti- 
cal axis, which passes through the centre of the azimuth plate and 
through two collars in the conical piece E, which projects upwards 
from the plate D. The whole of the instrument above the azimuth 
platt? is moveable about this vertical axis, and its position at any 
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time is determined by a pointer, which gives the arc on the azimuth 
circle to five minutes, and two opposite reading microscopes, one of 
which is seen at F, which give the additional minutes and seconds. 

The two connected vertical circles, K, K, are firmly attached to 
the telescope and horizontal axis, and, therefore, turn with the 
telescope as it is directed to different altitudes. That to the left 
is graduated, and the altitude or zenith distance of the bodyto 
which the telescope is directed is read off by the reading micro- 
scopes R, R. The spirit level, Q, Q, is used in making the vertical 
axis of the instrument truly vertical. The screws, whose heads are 
seen at P and P, serve to elevate or depress the Y's in which the 
pivots of the horizontal axis rest. By means of these and a striding 
level, such as is used with the transit instrument, the axis is made 
horizontal and placed at such a height that the zeros of the reading 
microscopes, R, R, shall be at opposite points of the graduated ver- 
tical circle. The plate T is a stand for a lantern to illuminate 
the spiders-lines, of which there are five horizontal as well as five 
vertical ones. When the ring to which these are attached is pro- 
perly adjusted, by means of the screws which connect it with the 
tube, the intersection of the middle lines of the two sets is exactly 
in the optical axis of the telescope. 

When the instrument is properly adjusted and placed so that, as 
the telescope revolves, its optical axis moves in the plane of the 
meridian, it may be used either as a transit instrument or transit 
circle 

47. The Etjuatorial is an instrument conmsting of the same os- 
sential parts as the altitude and azimuth instrument. It is so 
mounted that one of the axes is at right angles to the plane of the 
equator and the other parallel to it. The circles connected with 
these axes are called, respectively, the Hour and DeclinationCirclei. 
The former is usually graduated into hours, and parts of an hour ; 
and is so adapted to the axis that, when the telescope points to- 
ward a star on the meridian, the vernier will read hrs., min., 
sec If, then, the telescope be turned slowly westward, about 
the axis, at a rate corresponding with the diurnal motion of the 
heavens, it will be constantly directed towards the star, and the 
vernier will indicate, upon the hour circle, the star's hour-angle at 
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aoj moment. The deolbi^ion circle is so adjusted ihsty when tlie 
optical axis of the telescope is in the plane of the equator, the 
yemier reads 0^ ; and hence, if the tele8C<q>e be directed to 9mj 
star, this vernier will indicate the st^'s declination. 

The larger ins^ments of this class are generally prorijed mik 
clock work, which communicates to the telescope a slow motion from 
east to west, causing it to follow a star for any length of time. 

48. A Sextant is an instrument used for measuring the angular 
distance between two heavenly bodies or other objects. In Fig. 
14, which represents a sextant. A, A, is a double frame connected 
by small pillars a, a, &c. The arc BC is usually graduated to 10' 
and subdivided by a vernier E, to 10". The degrees are numbered 
from 0° near B to about 180° near C ; the construction of the in- 
strument being such that half degrees on the arc correspond to 
whole degrees of the angle measured, they are for convenience re- 
garded and numbered as whole degrees. The microscope H 
may be moved over the vernier, and aids in distinguishing the 
division line of the vernier that coincides, or is the nearest to co- 
incidence with a division line on the arc. A glass reflector F, called 
the index glaaSf is attached perpendicularly to the index IE, which 
is moveable about the centre of the circular part I; this centre 
being also the centre of the graduated arc BC. Another glass 6, 
called the horizon glassj is attached at right angles to the frame 
of the instrument, being parallel to the index glass when the index 
is at zero of the arc. . The lower half of this glass is silvered so as 
to make it a reflector; the upper half is clear. A small telescope 
is placed in a ring L, and may be so adjusted by a screw M, that 
its optical axis shall be directed towards the division between the 
silvered and unsilvered parts of the horizon glass, or a little higher 
or lower, as may be desired. At K and N are sets of dark glasses 
of different colours, one or more of which may be interposed be- 
tween the index and horizon glasses, or horizon glass and telescope, 
or both, to moderate the light and heat of the sun when that body 
is observed. The instrument, when in use, is held in the hand 
by a handle at ; or it is sometimes attached to a stand, called a 
centre of gravity stand, which admits its being placed at any in- 
clination to the horizon. 
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the other, the two appearing as one line. When thus adjusted, if 
the screws be turned till one of the lines appears to touch one edge 
or limb of a heayenly body, and the other to touch the opposite 
limb, the contained angle, or apparent diameter of the body, be- 
comes known from the number of whole turns and parts of a turn 
of the screws, required to put them in those positions. 

A Heliometer is a telescope fitted up with a peculiar kind of 
micrometer, for the especial purpose of measuring the apparent 
diameters of the heavenly bodies, or other small angular spaces. 

A Position Micrometer is an instnmient, which serves not only 
to measure the angular distance between two contiguous bodies, 
but also the angle contained between the arc of a great circle join- 
ing them, and a declination circle passing through one of them.'*' 



CHAPTER ni. 



TO PLACB AN INSTBUMBNT IN THB PLANS OF THB MBRIBIAN. — 
SIDEREAL TIME. — TERRESTRIAL MERIDIAN. — LATITUDE AND 
LONQITUDB OF A PLACB. 

61. To place an altitude and azimuth instrument in the plane 
of the meridian. Let ENWS, Fig. 2, be the horizon of a place 
A ; Z the zenith, P the north pole, NZS the meridian, and S' and 
S'' two positions of the same star when at equal altitudes B^S' and 
B^'S^', on opposite sides of the meridian. Then, since a star, in its 



* From the preceding brief notioee, the student may obtain a general Tiew of 
the oonstmctions and usee of the instromente mentioned, sufficient to enable him 
to comprehend the astronomical obserrations to which reference will be made in 
subsequent parts of the work. For f^ descriptions of these and Yarious other 
astronomical instruments, with the methods of acfjus^g and using them, he may 
be referred to the second Tolume of Dr. Pearson's Treatise on Practical Astronomy. 
Those who hsTe not access to the large work of Dr. Pearson, may obtain con- 
siderable information from a smaU work on the principal mathematical instrumerts 
used in Surreying, LeTelling, and Astronomy, by Simms. An American edition, 
edited by J. W. Alexander, has been published in Baltimore. 
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apparent diurnal motion, describes a circle about the pole P (15), 
we have in the two spherical triangles ZPS^ and ZPS'', the side 
PS' equal to PS''; and we have also ZS'and ZS" equal, being the 
complements of the equal altitudes B'S' and B"S", and PZ com- 
mon. The angles PZS' and PZS" are therefore equal, and con- 
sequently their measures, the azimuths NB' and NB", are also equal. 

Hence, the instrument being placed on a firm support, and 
properly adjusted and levelled, let the altitude of a star, when at 
a position S' to the east of the meridian, be observed, and let the 
azimuth arc be also read off. Let the star be again observed, when, 
after having passed the meridian, it has arrived at a position S", 
in which its altitude is the same as before, and let the azimuth arc 
be again read off. From these azimuth arcs, the azimuth arc B'B" 
becomes known. Then, if the instrument be turned eastwardly 
through an arc equal to B''N, the half of B'^B', and be clamped in 
that position, the telescope, when turned about its horizontal axis, 
will, if the observations have been accurately made, move in the 
plane of the meridian NZS. 

To ascertain whether the instrument is truly placed in the plane 
of the meridian, let several culminations of a circumpolar star, 
both above and below the pole, be observed, and the time, as shown 
by a good clock or chronometer, be noted. Then, as the diurnal 
motion of a star is uniform (15), and as the star must therefore be 
as long to the east of the meridian as to the west, it follows that 
if the interval during which the star appears to be to the east, is 
equal to that during which it appears to be to the west, the instru- 
ment is truly placed. If the intervals are unequal, the instrument 
deviates towards the side of the less interval, and should be slightly 
moved in a contrary direction. The observations and movement 
of the instrument should be repeated, till the intervals are found 
to be equal. 

When the instrument is thus truly placed in the meridian, it may 
be used for observing the culminations and meridian altitudes of 
the heavenly bodies* 

62. To place a transit instrument in the meridian. A transit 
instrument, or transit circle, may be placed in the plane of the 
meridian by first patting it by estimation nearly in that position^ 

Digitized by VjOOQIC 



28 ASTEONOMT. 

and then proceeding as directed in the latter part of the kat 
article*'*' 

53. A Sidereal Day is the interval hetween two consecutire 
passages of a fixed star over the same meridian. It is about fonr 
minutes shorter than the common day. 

Sidereal Time is time reckoned by sidereal days* A clock that 
is so adjusted as to move through 24 hours in a sidereal day is called 
a $idereal clocky or is said to be regulated to keep sidereal time. 

The point of time at which the sidereal day commences according 
to the present usage of astronomers, and also a very slight change 
in the definition of a sidereal day, will be noticed in a subsequent 
chapter. For the present it may be regarded as commencing when 
any fixed star, selected at pleasure, passes the meridian of a place ; 
the clock being regarded as being regulated to sidereal time when 
it is so adjusted as to mark and continue to mark h. m. sec. 
at the instant that star passes the meridian. The numbering of 
the hours of the sidereal day, is continued from hours to 23 hours. 

54. The Terreitrial Meridian of a place is the intersection of 
the plane of the me^dian of the place with the earth's surface. It 
is very nearly, though not exactly, a circle. 

The terrestrial meridian oif a place is usually considered as only 
extending from pole to pole. Thus pAp'a^ Fig. 1, being the inter- 
section of the plane of the meridian of the place A, with the earth's 
surface, the half j^A// is called the terrestrial meridian of the place 
A; the other half being called the cpponte meridian. 

55. The Latitude of a place^ or as it is sometimes called the 
Geographical Latitude, is the arc of the meridian intercepted be- 
tween the zenith of the place and the equator. It is said to be 
north or $otUh according as the zenith is north or south of the equa- 
tor. Thus ZQ, Fy. 1, is the latitude of the place A, to the north. 

It follows, from the definition and article (27), that the latitude 
of a place is the same as the declination of the zenith of the place. 

It is also evident that, regarding the earth as a sphere, and con- 
sequently a terrestrial meridian as a circle, the latitude of a place 

* The deUUs of this ftnd other methods of a^i^^s^S ^^^ instnimente to the 
pluie of the meridiaii we giTen in treatbee on practical aatronomj. 
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18 its distance from tiie terrestrial equator, measured in degrees 
and parts of a degree, on the terrestrial meridian through the 
place. For the arcs ZQ, and Ag, being measures of the same 
angle ZCQ, contain the same number of degrees. 

56. A Parallel of Latitude is any small circle on the earth's 
surface, parallel to the terrestrial equator. Thus Ana is one half 
of a parallel of latitude through the place A. 

57. The Latitiide of a place ie equal to the altitude tf the pole 
at th€tt place. For ihjd sum of ZQ and ZP, is equal to the sum of 
PH and ZP, each sum being equal to a quadrant. Hence ZQs* 
PH. But ZQ is the latitude of the place A, and PH is the alti- 
tude of the pole at that place; this altitude, in consequence of the 
extreme minuteness of OA, in comparison with CH (13), being the 
same whether obserred from A or C. 

58. The Latitude of a place i$ equal to the half sum of the 
greater and leee meridian attitudes of a eircumpolar etar^ at the 
place. 

Let the circle FG-IE, meeting the meridian of the place A, in 
F and I, be the circle described by a eircumpolar star in its diur- 
nal motion. Then will PI » PF (15), and HI and HF will be the 
greater and less meridian altitudes of the star. Now, 

HP -HI— PI, 

and HP « HF + PF = HF + PL 
Hence by adding, 2 HP-HI + HF; or HP-J(HI + HF). 
But (57), HP is equal to the latitude of the place. 

Remark. This proposition assumes the two culminations to be 
on the same side of the zenidi. If they are on different sides, the 
supplement of the greater altitude must evidently be substituted 
for the altitude itself. It may further be remarked that, in ap- 
plying the proposition to find the latitude of a place, the obeerved 
altitudes require small corrections. These will be noticed in the 
chapter on refraction. 

59. First Iferidian. The ^rt^^nrndum is the meridian of some 
place arbitrarily selected, to which the positions of the meridians 
of other places are referred. The place selected for a first 

o2 
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rerolntion is twenty-four sidereal hours, it foUows that, in each 
sidereal hour, it must moTe through the twenty-fourth part of 860^, 
that is, through 15^ ; and in the same proportion for other times. 
Hence the star in its westwardly motion is on the meridian of a 
place in east longitude, earlier, and on that of a place in west 
longitude, later, than on the first meridian, by intervals of time at 
the rate of a sidereal hour for each 15° in the longitude. Thus, 
if LUMY, Fig. 1, be the circle described by the star in its diurnal 
motion, and PSP', the meridian of a place 9, be the first meridian; 
and if the longitudes of the places A and «^, whose meridians are 
PMF and PST^ be 80° east and 80° west ; then will the star be 
at M two sidereal hours earlier, and at S' two sidereal hours later, 
than at S. It therefore follows, that if we suppose sidereal clocks 
at the places A, 9, and «^, to be adjusted to mark h. m. sec, 
when this star is on their meridians respectiyely, then at the in- 
stant the star is at S on the meridian of «, and consequently the 
clock at that place marks h. m., the clock at the place A in 
30° east longitude, must mark 2 h. m., the star having been on 
its meridian two hours previously ; and the clock at the place «', in 
30° west longitude, must mark 22 h. m. of the preceding side- 
real day, the star not arriving at the meridian of that place till two 
hours later. The same relation must exist among the times marked 
by the clocks at those places at any other instant of time. For in- 
stance, if when some other star is on the meridian of the place t, 
the clock at that place marks 7 h. 10 m. 80 sec., the clock at the 
place A, must at that instant mark 9h. 10 m. 80 sec, and the 
clock at the place 8^, 5h. 10 m. 80 sec 

Hence the sidereal time reckoned at a given instant at a place 
in ea%t longitude is later^ and at a place in west longitude is earlier^ 
than that reckoned at the first meridian. 

It is the same with time reckoned in the usual way, that is, by 
the diurnal motion of the sun, when allowance is made for some little 
inequalities in that motion. Thus, when it is nine o'clock in the 
evening at Greenwich, it is only 59 m, 20 sec. past three o'clock, 
in the afternoon, at Philadelphia, the longitude of which is 75° 
10' west. 

64. Expre$9um of longitude in time. In consequence of the 
connection between the longitudes of places and the times reckoned 

Digitized by VjOOQIC 



82 ASTRONOMT. 

ftt them at the same instant, longitude is frequently expressed m 
time ; one hour corresponding to 15*^, one minute to 15', and one 
second to 15". Thus, long. 76^ IV W., and long. 5 h. m. 46 
sec. W., are synonymous expressions. 

65. To find the lonffUude of a place htf a chronometer. Let a 
chronometer, which keeps time accurately, be carefully adjusted to 
the time at a place, the longitude of which is known. Then being 
carried to tiie place of which the longitude is required, let the time 
shown by it at any instant be compared with die correct time 
reckoned at the place at that instant, and let the difference be 
marked east or weet according as the time at the place is later ot 
earlier than that shown by the chronometer : that is, than the time, 
reckoned at the same instant, at the place of known longitude. 
Then (68) by adding this difibrence to the known longitude, ex- 
pressed in time, if it is of the $ame name with that longitude, or 
eubtractingj if it is of a different name ; the longitude of the re- 
quired place will be obtained. 

It is not requisite that the chronometer should be so regulated 
as neither to gain nor lose any time. This would be difficult, if 
not impracticable. It is only requisite that its rate (41) should be 
well ascertiuned, as allowance can then be made for its gain or lose 
during the time of its transportation from one place to the other. 

Other methods of finding the longitude of a place wiU be noticed 
in a subsequent chapter. 



CHAPTER nr. 



n^TJRS AKD DUCBNSIOKS OV THB BARTH— 0BOOBKTRIO LATITUDB 

OV A PLACE. 

66. By the figure of the earth is meant the general form of itv 
surface, supposing it to be uniform, or that it corresponds with the 
surface of the ocean. This excludes the consideration of the ir- 
regularities in its suiface, proceeding from mountains and yalleys ; 
which are indeed very minute in comparison with its whole extent. 
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67. The amgU farmed hy the vertieai Imee at twoplaeee an the 
emu terreetrial tneridianj expreeeee the difference of the laJtitudee 
<if theplaeei* 

Let CZ and CZ', F^. 1, be the vertical lines at the two places 
A aad A^ on die same mmdian pAj/. Then Z and Z' bebg the 
seniths of theae places, ZQ and Z'Q are the latitudes (65), and 
consequently ZZ' is the difference of the latitudes. But ZZ' is the 
measure of the angle ZOZ' formed by the vertical lines. 

This is still true if' the Tulical lines meet at some distance from 
the centre of the earth, as must be the case if the earth is not a 
perfect sphere. For, in consequence of the immense distance of 
the points Z and Z\ the angular distance between them is sensibly 
the same at; a little distance from the centre as at the centre itself. 

68. Length of a degree of latitude. The length of a degree of 
latitude or of a degree of the meridian is the distance, expressed in 
linear units, between two points on the same terrestrial meridian, 
the difference of whose latitudes is one degree. 

The length of a degree of latitude may be obtained by finding 
the latitudes of two points on the same meridian, that do not differ 
in latitude more than a few degrees, measuring the distance between 
them, and then making the proportion ; as the difference of the 
two latitudes is to one degree, so is the measured distance to the 
length of a degree. For supposing A and A^ to be the points, we 
have the proportion : as ang. ZOZ' : 1^ : : length of A A' : length 
of a degree ; in which the angle ZCZ' is equal to the difference 
of the latitudes (67). The proportion is rigorously true on the 
supposition that the earth is a sphere, and consequently AA' the 
arc of a circle ; and for a small deviation in the form of the earth 
• from a sphere, it is not sensibly erroneous, especially for the degree 
at the middle of the arc. Supposing the earth to be a sphere, the 
product of the length of a degree by 860, gives its circumference. 
The difference of latitude between the two places A and A', may 
be found without knowing the latitude of either. For if, at the 
two places, the meridian senith distances ZM and T/IJL of the same 
star, be observed and corrected for refraction, "^ we have ZZ' a*i 
ZM — Z'M. 



* S«e next ohapte. 
6 
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The distance between the two places is not found by direct 
measurement. This would be a very tedious operation^ and would 
generally, from irregularities in the earth's surface, be deficient in 
accuracy. An extent of level ground is selected and a horizontal 
line BC, Fig. 8, of a few miles in length, called a base line, is 
measured with the utmost care and precision. Then, supposing A^, 
one of the places, to be visible from B and C, the horizontal angles^ 
of the triangle A^BO are carefully measured with a theodolite, or 
altitude and azimuth instrument. A station D, visible from B and 
C, being chosen, the angles of the triangle BOD are observed. 
Another station E, visible from C and D, being taken, the angles of 
the triangle GDE are observed. Proceeding thus, on both sides of 
the base line if requisite, the places A and A' become connected by 
a series of triangles, in which the angles are all known, and also the 
side BC. From these data, other sides, and then the distance A A', 
may be computed. 

69. The length of a degree of latitude inereaees from the equator 
to the pole. 

This may be inferred from mspection of the following table, 
which contains the length of a degree of latitude at several dif- 
ferent latitudes, selected from measurements which have been made 
with great care, in various parts of the earth. 



Ooontry. 


Aiomeafliind. 


Utttnd. of 
uMdlsof the 


Hcu 
kDgtli of 
• degna. 


OtMmn. 


Peru 

India 

Pennsylvania 

France 

England 

Sweden 


8 7' 8" 
15 57 40 

1 28 45 
12 22 18 

8 57 18 

1 37 19 
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16 8 22 
39 12 
44 51 2 
52 85 45 
66 20 10 


MllM. 

68.714 

68.759 
68.899 
69.041 
69.128 
69.277 


Condamine, &e. 
LambtoD, Ererest 
Mason, DizoD. 
Delambre, Mechain. 
Roy, Kater. 
Svanberg. 



70. A terreitrial meridian is an EUip9e^ having the axis of the 
earth for its less axis and a diameter of the equator for ite greater 
axis. 

The variation in the length of a degree of latitude proves that 
the meridian is not a circle ; and the small amount of that variation 
shows that its deviation from a circle is not great. As the whole 
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deviation is not great, a small portion of the meridian in any part 
may, without sensible error, be regarded as the arc of a cirde ; the 
radius of the circle to which the arc appertains, evidently increas- 
ing as the length of the degree of latitude increases, that is, 
from the equator to the pole. Now as the radius of an arc inr 
creases, its curvature decreases. The curvature of the meridian 
must therefore decrease in proceeding from the equator to the pole. 
This is the case with an ellipse in passing from the extremity of the 
major axis to that of the minor axis. Hence the form of the me- 
ridian corresponds in this respect with that of an ellipse, as epqp\ 
Fig. 4, in which pp\ the axis of the earth, is the less axis, and eq^ 
a diameter of the equator, is the greater axis. 

Taking into view the actual lengths of a degree at different lati- 
tudes, it has been proved, by analytical investigations not adapted 
to the present work, that the meridians are really ellipses, or very 
nearly so ; in which the less axis, or axis of the earth, is less than 
the greater, or a diameter of the equator, by about ^J^^ part of the 
latter. 

71. Figure and dimensionB of the Earth. Erom measurements 
which have been made at right angles to the meridian, it appears 
that the equator and parallels of latitude are circles, or nearly so. 
It therefore follows from the last article that the form of the earth 
is that of an oblate spheroid; that is, of a solid, such as would be 
generated by the revolution of a semi-ellipse pqp'y about its minor 
axis|>p^. 

From computations made from the most accurate measurements, 
it has been found that the equatorial diameter of the earth is 7925 
miles, and the polar diameter, or axis, is 7899 miles ; the differ- 
ence between them being 26 miles. Consequently the mean di- 
ameter is 7912 miles, and the mean circumference 24856 miles. 

Hence the mean length of a degree of the meridian is Q9^ miles, 
the mean length of a minute is 1 J miles, and the mean length of a 
second is 101 feet. It therefore follows, that in changing our po- 
sition in a north or south direction, by only 101 feet, we make a 
change of one second in our latitude. 

The length of a degree of the equator is 69} miles. 

72. EUiptidty or Oblatenes9 of the Earth. It is frequently 
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fbond oonTenient to denote the equstoml radiv of the earth by a 
ttuty or 1, and to express other large lengths and distances hj 
Beans of this nnit. 

The fraction which expresses the difference between the equa- 
torial and polar radii of the earthy when die equatorial radius is 
denoted by a nnit^ is called the elliptieity or oblatene$$ of the earth. 
It iA also sometimes called the eampre$9wn of the earth. Hence 
(70), the ellipticity or oblatenees is -gi^. 

78. The elUpticity qf the earth may he deduced from experimenU 
with a pendulum. 

The number of oscillations made in any giyen time, as for in- 
stance in a sidereal day, by the same pendulum retaining the same 
length, is found to be different at different places on the earth's 
surface. It is least at the equator, and continually increases to- 
wards the poles. A pendulum oscillating sidereal seconds at the 
equator, and consequently making there 86400 oscillations in a 
sidereal day, would, on being transported to Philadelphia, make 
nearly 100 more in the same time. Now the motion of the pendu- 
lum depends on the force of gravity; and it is proved, in treatises 
on mechanics, that the number of oscillations made by the same 
pendulum in a given time, varies as the square root of that force. 
Hence it follows that the force of gravity increases from the equa- 
tor to the poles, and that the law of this increase may be determined 
by experiments with a pendulum. This increase in the force of 
gravity, indicating a decrease in the distance from the earth's 
centre, is connected with the figure of the earth, and formul» have 
been obtained which serve to determine the latter from the former. 
Oomputations, founded on numerous accurate experiments with a 
pendulum, made at various places, give for the ellipticity neariy 
the same value as that obtained from the measurement of degreed 
of the meridian.^ 



* Dr. Bowditoh, In Ids excellent Translation of Laplaoe't M^caniqne Create, 
%ifh a Commentary, obtains, from a combination of sereral of the most aoovrately 
meaiored arcs of the meridian, a resnlt a little less than y|^ ; and from a combi- 
nation of many obierratioDS made with the pendnlnm, a rcsnlt a little greater than 
,1^. Hence he infers that ^^ may be regarded as being very nearly the troe 
valne of the ellipticity or oblateneis of the earth. 
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74. The Eeeentrieity of the earth is the distance between a focns 
of any of the elliptical meridians and the centre. 

To find the eeeentrieity. Let/, Fig. 4, be one of the foci, and 
put e «=/C =» the eccentricity. Then by conic sections, fp^eG 
« 1. Hence, 



From which we easily find, 



^'^ 0.08158. 



75. The Geoeentrie Zenith of a place is the point in which a 
straight line from the earth's centre, passing through the place, 
meets the celestial sphere. 

The Geocentric Latitude of a place, sometimes called the re- 
dv4:ed latitude, is the arc of the meridian intercepted between the 
equator and the geocentric zenith of the place. The difference 
between the latitude and the geocentric latitude is called the re- 
duction of latitude. 

76. ThetangentofthelaUtudeofaplaceieiothetangentofthe 
geocentric latitude a$ the equare of the equatorial radiue of the 
earth i$ to the equare of the polar radiue. 

Let Z, Fig. 4, be the zenith of the place A, and z the geocentric 
lenith. Then ZGQ is the latitude of A, and zGQ is its geocentric 
latitude. Let AD be drawn perpendicular to eq. Pat t « ZGQ » 
the latitude, and ^ » zG(i >» the geocentric latitude. 

Then in the right angled triangle ACD, we have AD «» CD tang 
t', and in the right angled triangle AGD, we have AD «=> GD tang 
t. Hence CD tang ♦' «■ GD tang ♦; or, CD : GD : : tang t : tang 
f '. But by conic sections, CD : GD : : jC* : pC\ Consequently 
tang 1 2 tang ♦' : : jC* : pC\ 

Cor. If yC «^ 1, and e ^ earth's eccentricity, we have (74), 
pC^ = 1 — «*. Hence, tang t : tang t' : : 1 : 1 — e*; or, 
taugt' =(1— O tangt (A) 
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a second medium of greater density at A, takes a direction AB, 
making the angle BAD, which is called the angle of refraction^ less 
than the angle S AE, which is called the angle of ineidenee. The 
angle BAG, which expresses the difference between the directions 
SA and AB, of the incident and refracted rajs, is called the 
refraetion. 

For the same two mediums, the amount of refraction changes 
with a change in the angle of incidence. The law of this change 
is such that the sine of the angle of incidence is to the sine of the 
angle of refraction in a constant ratio, which is called the index 
of refraction. Thus if I be the angle of incidence, R the angle 
of refraction, and m ,the index of refraction, the value of which 
for different mediums is determined by experiment, we have sin I : 
sin R : : m : 1 ; or, sin I « tn sin R. For the passage of a ray 
of light from a vacuum into air of a mean density, or that which 
it has when the barometer stands at 30 inches, and the thermometer 
at 60°, the value of tti is 1.000284. 

When a ray passes through a medium composed of strata of 
different densities, bounded by parallel planeSj the whole refraction 
is the same, as if the incident ray had at once entered the last 
stratum with its first angle of incidence ; the direction of the ray 
in the last stratum being the same in either case. Thus, if a ray 
8A, Fig. 6, in passing through such a medium, takes the directions 
AB, BC, a ray S'A^ entering the last stratum at the same angle 
of incidence with SA, will take a direction A'C, parallel to BO. 
When the strata are indefinitely thin and their number indefinitely 
great, or, which amounts to the same, when the density continually 
varies from A to C, the broken line ABC becomes a cxurve. The 
whole refraction is however still the same, provided the density at 
the surface G remains unchanged : that is, the whole refraction for 
a given angle of incidence depends entirely on the density at the 
second surface. 

79. Astronomical B^racticn. As the density of the earth's 
atmosphere continually increases from its upper surface to the 
earth (77), it follows, from the last article, that when a ray of light, 
from any of the heavenly bodies, enters the atmosphere obliquely, 
it becomes bent into a curve* concave towards the earth. The 
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density in the upper parts of the atmosphere being rery snal!, the 
eorve at first deviates very little from a straight line, bat the d^ 
Tiation becomes greater as it approaches the earth. Both the 
straight and cnryed parts of the ray most neoessarily He in the 
same vertical plane ; for, as the corresponding parts of the at- 
mosphere on each side of a rertical plane may be regarded as of 
eqnal density, there is no cause for a deviation to either side. The 
whole change produced in the direction of the ray in traversing the 
atmosphere is called the a9^cnamieal rrfraetion. 

80. Astronamiedl refraction %ncrea$e$ the altitude of a heaven^ 
hodj/y hut does not affect the azimuth. 

Let SaA, Fig. 7, be a ray irhich, proceeding from a body S, 
enters the atmosphere at a, and being bent by refraction, meets the 
earth's surface at A ; and let AS^ be a tangent to the carve Aa 
at A. Then will the ray enter the eye of an observer at A, in the 
direction S^A, and consequently the body S will appear to be in 
the more elevated position S^ As the tangent AS^ most be in the 
same vertical plane with the ray AaS, the azimuth of the body is 
not afiected by refraction. 

It follows that the altitude of a heavenly body is obtained by 
eubtracting the refraction from the obeerved altitude, and the zenith . 
distance, by adding the refraction to the ebeerved zenith distance. 

81. At the zenith J the refraction is nothing. For, in consequence 
of the corresponding density of the atmosphere on every side of 
a vertical line, there is no cause for a ray entering it in that di- 
rection to deviate from its rectilineal course. 

82. To obtain approximate formulx for computing the refraction 
due to any altitude or zenith distance. 

As the upper and under surface of that portion of the atmo- 
sphere through which a ray of the heavenly bodies passes in its 
course to a place on the earth's surface, do not differ much from 
parallel planes, we may obtain approximate formulsd for the re- 
fraction, by assuming the density to be unif<Mrm throughout, and 
the same that it is at the earth's surface (78). Let M, Fig. 8, be 
a part of the boundary of the atmosphere on this supposition, Sa 
a ray from a body 8, which being refracted at a, meets the earth's 
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nr&oe at A, and let C be the eentre of the earthy and Z the senhk 
et the place A* Then, to an observer at A, the bodj wQl appear 
in the direction AS^ and the angle SaS' will be the refraction 
eorreq>onding to the apparent senith distance ZAS^ Put, 

p «* CA «■ radhis of the earth, assumed to be a sphere, 

A «■ ea «■ hdght of a nniform atmosphere, 

Z «■ angle ZAS' «« obsenred senith distance, 

la „ Oae "> angle of incidence, 

E ■■ „ OoA — „ refraction, 

r a „ Aae ^ „ SaS' «* the refraction, 
!nien, since I ■> Cac ■> CoA + Ao^ ■> B + r, we have (78), 

sin (R + r) — m sin R (A); 

(»*, (App.* 13), sin R cos r + cos R sin r "> m sin B ; or, dividing 
by cos R, we have, 

tang Rcosr + Binri"«i tang R. 

But since m differs but little from a unit (78), it is evident from 

eqoat. (A), that R + r must differ bat little from R, and conse- 

qnentlj r mnst be a small angle. Taking therefore the angle 

instead of its sine (App. 61), and assuming cos r «* 1, we have 

r 
tang R + — =a m tang R ; 

or, r ■■ {m — 1) « tang R (B). 

Now in the triangle GAa we have, Ca : GA : : sin GAo, or sin 
ZAS' : sin GaA, or p + A : p : : sin Z : sin R. Hence, 

sinR--l-.sinZ (G). 

p + A 

Taking m » 1.000284 (78) ,and substituting for » its value 

206264".8 (App. 61), we have, (m— 1). » — 68^6. Hence, since 

P - 8966 (71) and A - 6.18 (77), the formuhe (G) and (B) 

become, 

. J, 8956 . „ 
smRi" sm Z ^ 

8961.18 [ m\ 

r-68".6tangR j 

The degree of accuracy of these formulae may be tested by find- 
ing the latitude of a place from the observed upper and lower 



* Appsndix to part 1. 
D2 6 
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meridian altitudes of different circnmpolar stars (68), using the 
formulsd in computing the refractions ; which must be subtracted 
from the observed altitudes to obtain the correct altitudes. If the 
state of the ur is the same or nearly the same as that assumed in 
finding the formulae, and if no one of the lower altitudes of the 
stars employed is less than about 20^, the latitude as obtained from 
different stars will be sensibly the same. But if the lower altitude 
of any one of the stars is much under 20^, the latitude found from 
that star will be decidedly too great. Whence it follows, that, for 
a low altitude, the refraction computed by the formulae is too small. 
It may thus be ascertained that, for altitudes of 20^ and upwards, 
the refractions computed by the formulae do not err to the amount 
of a second ; but for lower altitudes the error becomes considerable, 
amounting at the horizon to several minutes. 

83. Tahle% of Refraction. The complete investigation of astro- 
nomical refraction is a subject of great difficulty. It has claimed 
the attention of many eminent mathematicians,'*' and formulae have 
been obtained which give the amount of the refraction with great 
precision, except for altitudes under 12^ or 14^ ; and for these they 
give it very nearly. These formulae take into view the changes in 
the density of the air at the earth's surface as indicated by the 
barometer and thermometer. From the formulae, tables have been 
computed, from which the refraction corresponding to a given ob- 
served altitude is easily obtained. In these tables, the principal 
columns contain the refractions computed for a density of the air 
corresponding to some medium heights of the barometer and 
thermometer. These are called mean refractions. Other columns 
contain the corrections due to given changes in the states of these 
instruments. 

84. Refraction increases the visible continuance of the heavenly 
bodies above the horizon. 

As refraction increases the altitudes of the heavenly bodies, it 
must accelerate their rising and retard their setting, and thus 
render them longer visible. The refraction at the horizon is about 

* Laplaoe, in the M^caniqae Create ; Prof. Bessel, in the Fundamenta Attro- 
nomios; Br. Toting, in the Transaotions of the Royal Society of London for 1819 
and 1824 ; iTory, in the same TransaciionB for 1828 ; and Tariona others. 
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M^f which is rather greater than the apparent diameter of the son 
or moon. Either of these bodies may therefore be wholly yisible 
when it is really below the horizon. 

85. Oval farm of the discs of the sun and moon when near the 
horizon. This is an effect of refraction. As B most be nearly 
equal to Z (82. D), and as the tangent of an angle increases rapidly 
when the angle approaches to 90°, it is evident from the expres- 
sion for r (82. D), that the refraction must increase rapidly near 
the horizon. Hence the lower part of the disc, when in that situa- 
tion, is considerably more elevated by refraction than the upper ; 
and consequently the vertical diameter and chords parallel to it 
are shortened, while the horizontal diameter and its parallel chords 
are not sensibly affected. This necessarily causes the disc to as- 
sume an oval form. The apparent diminution of the vertical di- 
ameter amounts, at the horizon, to about | of the whole diameter. 

86. Apparent enlargement of the discs of the sun and moon when 
near the horizon. Although this is not an effect of refraction, it 
may properly be noticed here. It is an optical illusion of the same 
kind as that which makes a ball or other object appear larger when 
seen at a distance on the ground than when viewed, at the same 
distance from the eye, on the top of a high steeple. Our judgment 
of the magnitude of a distant object depends not only on the angle 
it subtends at the eye, but also on a concurring though sometimes 
very erroneous impression with regard to the distance ; the same 
object, seen under the same angle, appearing larger as there is an 
impression of greater distance. Now in viewing the sun or moon 
when at or near the horizon, the various intervening objects near 
the line of sight, give the impression of its being more remote, 
than when seen in an elevated position. When the sun or moon is 
viewed through a smoked glass, which renders intervening objects 
invisible, the disc does not appear thus enlarged. 

87. Twinkling of the Stars. Prom changes in the temperature, 
currents of air, and other causes, the atmosphere is continually 
more or less agitated. This agitation produces momentary con 
densations and dilatations in its constituent molecules, and thus 
occasions slight but sudden and continually repeated deviations in 
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the directioiiB of the rays of light which traverse it. As the starv 
appear merely as laminous points, presenting scarcely any visible 
discs, these irregularities in the directions of their rays of light 
give to them the apparent tremulous motion called the twinkling 
of the $tar$. 

The discs of the planets, though small, are much larger than 
those of the stars, as is shown by observations with the telescope* 
They are therefore less affected than the stars, and the twinkling 
is but little observable in them, except sometimes near the horizon, 
where the cause producing it usually acts with the greatest effect. 

88. Tunlight or OrejnueiUtun. This depends on both reflections 
and refractions of the sun's rays in the atmosphere. When, in the 
evening, the sun has descended so far below the horizon as to cease 
to be visible by refraction (84), a portion of the lower part of the 
atmosphere ceases to receive his rays directly, and is only illumined 
by light diffused through it by reflection from the higher parts. As 
the sun continues to descend below the horizon, the part of the at- 
mosphere that is not directly enlightened by his rays increases, 
and at the same time its illumination gradually diminishes, in con- 
sequence of the diminished portion of the atmosphere from which its 
light is received. This gradual diminution of the light continues 
till the smn has descended so far below the horizon as to cease to 
illuminate any sensible portion of the atmosphere above it. This 
takes place when he is about 18^ below the horizon. The last ap- 
pearance of twilight must evidently be in the western part of the 
heavens. 

In the morning the twilight commences, or the first dawn of day 
is perceived in the eastern part of the heavens, when the sun has 
arrived within about 18^ of the eastern horizon ; and the light 
then increases in the same gradual manner as it diminishes in the 
evening. 
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the apparent and true zenith dtstaneee of the body, or between the 
true and apparent altitudes. 

For as ZAB is an exterior angle of the triangle ABC, we have 
ang. ZCB + ang. ABC«ang. ZAB; or ABC«ZAB — ZCB. 
But ABC is the parallax, ZAB the apparent senith distance, and 
ZCB the true zenith distance. As the altitudes are the comple- 
ments of the zenith distances, the difference between them must be 
the same. 

Oor. It is evident that parallax if^ereaiee the zenith distance, and 
consequently diminishes the altitude. Hence, to obtain the true 
zenith distance from the apparent, the parallax must be subtracted; 
and to obtain the true altitude from the apparent, it must be added. 



92. The sine of the parallax at any altitude is equal to the 
product of the sine of the horizontal parallax by the sine of the 
apparent zenith distance. 

Put, r » AC » radius of the earth, 

D « CB « CB' = distance of the body, 
N » ang. ZAB ^ app. zenith distance, 
JE? « „ ABC =a the parallax, ' 

P = „ AB'C ^ „ horizontal parallax. 

Since the angles ZAB and CAB are supplements of each other, 
their sines are equal, and we have from the triangles CAB and 
CAB', 

D : r : : sin N : sin j9, 
and, D : r : : 1 : sin P (A). 

Hence, 1 : sin P : : sin N : sin j?, 
or, sin jE? «=« sm P sin N (B). 

As the parallax is always a small angle, that of the moon, which 
is much the greatest, being only about a degree, we may frequently 
take the parallax itself instead of its sine (App. 51). We then 
have, 

2? - P sm N (C). 

When the spheroidal figure of the earth is taken into view, the 
zenith distance must be taken in reference to the geocentric zenith, 
and r must be the radius of the earth at the place of observation. 
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nearly the same, B falls between AS and A'S. In thk case it will 
easily be seen that ABA' = BA'S + BAS. Hence ABA' — the 
difference or sum of the known angles BA'S and BAS, is known. 

From the latitudes Zdq and Z'i'y of the places A and A', the 
geocentric latitudes zCq and z'Cq may be found (76). The difference 
between Zdq and zCq gives the angle ZAzj and this angle taken from 
the zenith distance ZAB leaves the geocentric zenith distance ^AB. 
In like manner we find the geocentric zenith distance /A'B. Put, 

N, N' «= the app. geocen. zen. distances zAB and 2'A'B, 

P, P' == the horizontal parallaxes at A and A', 

», y « the parallaxes ABC and A'BC. 

ry r^ «= the radii CA and CA', 
and let R and ^ be as in the last article. 

Then since ABC + A'BC = ABA', we have ;? + / - ABA'. 

But (92 C\p = P sinN= K. L?EA (98 F) 

B 

and, y - P' sin N' -;«. I^iEZl 

TT r sin N + r' sin N' , , . t» a , 

Hence, k. « j? + y «. ABA' 

R 

R 
or, ft sa ABA'. 



r sin N + r' sin N' 
The values of r and t*' may be found from the latitude of the 
places A and A' (App. 52). Hence the quantities in the expression 
for K, are all known. 

It is not essential that the two observers should be on exactly 
the same meridian ; for if the meridian zenith distances of the 
body be observed on several consecutive days, its change of meri- 
dian zenith distance in a given time will become known. Then if 
the difference of longitude of the two places is known, the zenith 
distance of the body, as observed at one of the meridians, may be 
reduced to what it would have been found to be if the observations 
had been made in the same latitude at the other meridian. 

95. Moon's parallax and distance. In the year 1751, La Caille 
and La Lande, two French Astronomers, made corresponding 
observations on the moon ; the former at the Cape of Good Hope 
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and the latter at Berlin. From these observations, others of a 
dmilar kind which have since been made, and from other methods, ' 
the moon's parallax has been ascertained with much greater preci- 
sion than it was previously known. The parallaz and consequently 
the distance (98) are found to vary considerably during a revolution 
of the moon round the earth. It is also ascertained that the least 
and greatest parallaxes, or greatest and least distances, in one revo- 
lution of the moon, differ materially from those m another. There 
is, however, a mean distance, a mean of the average greatest and 
least distances, that is not subject to thb change. The parallax 
corresponding to this mean distance is called the canHant of the 
parallax. The constant of the moon's equatorial parallax is found 
to be 57' 4". The equatorial parallax when least, is about 63' 54", 
and when greatest, 61' 82". 

From tables that will be hereafter noticed, called lufuxr tables, 
the equatorial parallax of the moon may be obtained for any given 
time. The parallax computed from these is given in the Nautical 
Almanac'*' for every 12 hours throughout the year; whence it may 
easily be obtained for any intermediate time. From the equatorial 
parallax the horizontal parallax at a given place mqr he found by 
(93 F), or by a table computed for the purpose. 

Taking the moon's parallax 57' 4", we have, (98 B), 

D - R. — - R 206266 ^^^ ^^^ ^ 239,000 miles, nearly. 
ft 8424 

Hence the moon's mean distance from the earth is about 60 
times the equatorial radius of the earth or 239,000 miles nearly. 
The least distance is about 56 times the equatorial radius, and the 
greatest 64 times that radius. 

96. Sun*8 parallax and distance. By the preceding method 
(94), the sun's parallax may be ascertained to be about 9". By a 



* The Nautkdl Almanm U an astronomicAl ep^emerli, pnbMthed annnftUy at 
London and repablished at New York. It contains a large amount of data of 
great importance to the mariner and also to the practical astronomer. It is nsa- 
ally published about three years prior to the year for which it is computed. The 
Cvtmainahct tUg Temt, published at Paris, the Atironomuehet Jahrbueh, published 
at Berlin, and the JffmiHdl Atttonomiehe, published at fifilan, are ephemeride^ 
ef a slttttar OuM^t&t. The Amiritm I^hem^ii mkd yautk^ Aimmu, a wort 
8 7 
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If the apparent diameter of a body be measured with a micro- 
meter at any observed zenith distance, and the apparent and true 
lenith distances be obtained (80 and 91), the above proportion 
gives the horizontal diameter. 

For the moon, the difference between the apparent diameters in 
the horizon and zenith, amounts to about half a minute. For other 
bodies, the difference is nearly or quite insensible. 

99. The sine of the equatorial parallax of a body is to the sine 
of the apparent semidiameter in a constant ratio. 

For if £ a equatorial radius of the earth, R' » radius of the 
body, and D = distance of the body from the earth, we have (98 
E) B « D sin K and (97) R' = D sin 3. ' Hence sin ^ : sin d : : R 
: R\ Therefore, since R and R' are constant quantities, the 
ratio of sin ^ : sin ^, is constant. For the moon this ratio is as- 
certained to be, sin K : sin d : : 1 : 0.27804. 

Cor. From the proportion we have R' «■ R.-; =» R — » or 2R' 

^ '^ '^ Bin ft ft^ 

B 2R — . Hence, putting d » equatorial diameter of the earth and 

d' a diameter of the body, we have d' == d — (H) 

ft 

100. Apparent and real diameters of the Sun and Moon. The 
apparent diameter of the sun at his mean distance from the earth 
is 82' 8''.6. When least, it is 81' 82".0, and when greatest, 
82' 86".5. 

The apparent diameter of the moon at her mean distance is 
81' 89".6. When least, it is about 29' 26", and when greatest, 
88' 87". 

Taking the sun's apparent semidiameter at hb mean distance, 
and the corresponding parallax (96), we find (99 H) the 8un*s 
real diameter to be nearly 112 times the equatorial diameter of the 
earth, or more than 880,000 miles. His bulk is therefore about 
fourteen hundred thousand times that of the earth. 

In like manner we find the moon's diameter to be about ^ of 
the equatorial diameter of ike earth, or 2160 miles. 

The moon's surface is therefore about ^ of th^t of the earth, 
wd her volume or bulk about ^ of the earth's volunie. 
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CHAPTER VH. 

POLAB DISTANOB OF A BODY— APPARENT BIUBKAL MOTIONS Of 
THB FIXBB STABS UNIFOBM — MOTION Of TfiB BABTH ON 
ITS AXIS. 

101. ThepolardkianeeofabodpyWhenmitJkefiMTidia^ 

Uf the^ium w difference of the eempUment ^ %h% latitude €fthe 
place and ike zenith dietance of the bodtf^ accardinff me it c¥lmiiu»te$ 
te the south or north of the Menith. 

Let M, Fig. 1, be the point mi whieh a body is when <ni the Hie- 
ridian of the plaee A. Then PM — PZ + ZM. Bat PM is the 
polar distance of the body, ZM its senith disUnce, and PZ the 
complement of the latitude of the place. K the body be on the 
meridiwi at I, to the north of the zenith, we have PI ■> PZ — IZ ; 
if at F, we have PF -FZ — PZ^ 

102. To find the polar distance or declination of a body. Let 
the meridian zenith distance of the body be observed at a place 
whose latitude is known, and be corrected for refraction uid paral- 
lax. Then, by the last article, the polar distance becomes known. 
If the body is a fixed star, the zenith distance only requires cor^ 
rection for refraction, as the star has no sensible parallax. When 
the body has a sensible diameter, the apparent semidiameter added 
tOy or 8td>tracted from, the observed zenith distance of the upper or 
lower limb, when corrected for refraction and parallax, gives the 
true zenith distance of Ae centre. 

The declination is evid^tly equal to the difference between the 
polar distance and 90% and m north or souths according as the 
polar distance is Zest or greater than 90^. It therefore becomes 
known when the polar distance is known. 

The polar distances or declinations of the heavenly bodies, are 
found to vary more or less from day to day, except those of the 
jfezed stars, which eontinue semribly the same for several days in 
succession ; b«i after a iffogfit interval, dbanges become also per- 
oeptible in them. 
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Bofficient leDgth^ we see it at each succeeding obserratioiiy when it 
18 to the east of the meridian, become more and more elevated and 
nearer the meridian, and when to the west, less and less elevated 
and farther from the meridian ; and not feeling conscious of any 
motion ourselves, we impute this continued change of position to a 
westerly motion in the body. The change of position with regard 
to the horizon and meridian, and consequently the apparent motion 
of the body, must, however, be precisely the same, if, instead of 
the body revolving round the earth from east to west, the earth 
itself revolves round its axis from west to east, making a complete 
revolution in a sidereal day. Thus the hour angle MPS, Fig. 1, 
and therefore the apparent motion of a star S, will be exactly the 
same to an observer at A, whether we suppose the star to move 
tpestwardlt/ from M to S in any observed time, or suppose that, in 
consequence of a rotation of the earth on its axis, the meridian 
PMP', of the place A, moves, in the same time, ecutwardly from the 
position PSP' to the position PMP^ As the appearance is there- 
fore the same on either supposition, it is more reasonable to assume 
this rotation of the earth on its axis than to suppose that all the 
heavenly bodies, situated at immense and various distances, should 
have motions so adjusted as to revolve roimd it in the same or 
nearly the same time. This assumption of the earth's rotation on 
its axis is confirmed by many astronomical facts. ^ 

An experimental confirmation of the earth's diurnal motion may 
be mentioned here. Assuming this motion, the top of an elevated 
tower must, in consequence of its greater distance from the earth's 
axis, move eastwardly faster than the bottom. Hence a stone, or 
other heavy body, let fall from the top of the tower, and retaining, 
by virtue of its inertia, the excess of the forward or eastwardly 
motion which it had at the top, must fall a little to the east of the 
vertical line through the point from which its fall commenced. 
Now, several experiments of this kind have been made, and the 
fall of the body has always been found to be in accordance with 
the assumed rotation of the earth. 
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son's polar dist^DLce^ when on the meridian, be obtained (102), and 
also the interval of time, as shown by a well regulated sidereal 
clock, between the time of the passage of the son's centre oyer 
the meridian and that of some fixed star. It will commonly be 
foond that, on the first of some two conseootiye days, the son's 
pdar distance is greater than 90^, and on the second, less than 
90^. The son most, therefore, in the intermediate time, have 
passed from the sonthto the north side of the eqoator. 

Let EQFB, Fig. 18, be the eqoator, P and W its poles, and 
EGFD the son's apparent path. Let a and h be the places of the 
son in his apparent path, when on the meridian at the two noons 
preceding, and following his passage from the sooth to the north 
side of the eqoator, B, the star whose passages oyer the meridian 
were obseryed, and Pa'a, PW, and PSG, arcs of declination circles. 
The intervals of time between the passages of the son oyer the 
meridian and those of the star give, when converted into degrees 
(63), the angles GPo' and GP5', or the arcs Ga' and G6', which are 
their measores. The difference between Qa' and GV gives a'V. 
Then, the changes in the son's polar distances and in the intervals 
of time being very nearly oniform, as will appear from examination 
of their valoes on several preceding and following days, we have, 
Pa — P6 : oa' : : afV : a'E. The arc aTE taken from Go' leaves 
GE, the distance of the point E from the declination pircle throogh 
the star.* 

Let e and d be the places of the son in his apparent path when 
on the meridian at any sobseqoent times, and let the declinations 
ee' and dd' and the arcs Qc' and G^d' be obtained from observations 
as above. From the valoes of the latter and of GE, we know E<?' 
= GE — G<?', and EdE' « GE — Gd'. Then, whatever be the son's 
places c and <2, it is foond that the valoes of the qoantities TStc'^ 
E(2^, c</, and dd' are soch that the proportion, sin Ec^ : sin Ei' : : 
tang cc' : tang dd\ is always troe. Bot assoming EGFD to be a 
great circle, we have, from the right angled spherical triangles TStc'c 
and Ed'dE (App. 48), tang €</ = tang E sin Ec', and tang dd' ^ 
tang E sin Ed' ; which gives the same proportion. Hence the 

* From the obserrAtioiis of Bereral oonseentiTe dajs, tlie aro 0£ may be found 
witli great preeieion, by a method of compatatlon called inUrpohHikm, Some i 
gt this metbod will be fbund in the appendix. 
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§m*B njiparent pttii SGFP is n greftt cofcle, oottingtiia eqwtot in 
two oppdsHe poiats S luid F. 

107. 2^ apparent motion of the sun around the earth, U pro^ 
dueed hy a real annual motion of the earth round the sun. 

Let S and E, Fig. 19, he the pitoations of the aim and earth 
respectiyelj, at any instant of time, fg^ a part of the sun's apparent 
path in the celestial sphere, a, the apparent place of the E(im, ^^d 
t, a fixed star, supposed to be situated in the apparent path* Then 
will sl£a be the angular distance of the su^ from the star. If we 
suppose the sun to move from S to S' in any given interval of time, 
his angular distance from the star vrill become s'Eb. But if, instead 
of supposing the sun to move, we suppose the earth to move, in the 
same interval of time, through the same angular distance from E 
to E', the sun's angular distance from the star will then become 
sWc. As the angles E'SE and SES' are equal, E'S and ES' are 
parallel, and the angle sM <«> sFc "> sWo + £«E^ Hence the an- 
gular di^;ance of ibe mm from the star, at the end of the interval, 
differs, on the two snppoiHUons, by the angle E^E' ; and conse- 
quently the sun's apparent motion, during the interval, differs by 
the same quantity. 

If we assume the dista^iee S« of the star to be so great that the 
distance from E to E^ whatever be their situations, is extremely 
small in comparison with it, the angle E^B' will also be extremely 
small. Consequently, on this assumption, the sun's Iq^parent motion 
will be sensibly the same, whether we suppose the sun to revolve 
rcmnd die earth, or the earth to revolve round the sun. But, as 
the bulk of the sun is more than a million times that of the earth 
(100), it seems highly improbable that the former revolves round 
the latter as the central body. The reasonable oonchision there- 
fore is, that the earA revolves round the sun in the course of a 
year, in the same plane in which the sun appears to move, and 
thus produces the sun's apparent motion. This conclusion is con- 
firmed by various astronomical facta ; some of whidi will be noticed 
in their proper places. But although Ae earth's annual motion is 
fully established, astronomers frequently find it convenient to 
speak of the sun's motion ; iJways, however, meaning the apparent 



motion. 
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112. The Sign9 of the Ecliptie are twelve equal parts, into 
which the ecliptic ia conceived to be divided, beginning at the 
vernal equinox and proceeding eastward. Each sign therefore 
contains 80^. Thej are designated by names or characters as in 
the following table. 

1. Aries V 7. Libra a 

2. Taurus 8 8. Scorpio ^. 
8. Gemini n 9. Sagittarius / 

4. Cancer 23 10. Capricornus VJ 

5. Leo n 11. Aquarius 9ff 

6. Virgo n 12, Pisces X 

The vernal equinox is sometimes termed the First point of Aries* 
A body or a point is said to have a direct motion, when its 
motion is from west to easty according to the order of the signs of 
the ecliptic, and a retrograde motion when the motion is in a con- 
trary direction, or from ecist to west. 

113. The Equinoctial and Solstitial Colures are two declina- 
tion circles passing through the equinoxes and solstices. Thus, 
EPFP' is the equinoctial colure, and POP'D is the solstitial colure. 

It is evident that the solstitial colure passes through the poles p 
and p' of the ecliptic, as well as through those of the equator, and 
that the equinoctial points E and F are its poles. 

114. The Tropics are t?co small circles parallel to the equator 
and passing through the solstices. That to the north of the equa- 
tor is called the tropic of Cancer^ and that to the south, the tropic 
of Capricorn. Thus CC is the tropic of Cancer, and DD' the 
tropic of Capricorn. The distance of the tropics from the equator 

. is evidently equal to the obliquity of the ecliptic. 

The Polar Circles are two small circles parallel to the equator, 
and at a distance from its poles equal to the obliquity of the eclip- 
tic. That about the north pole is called the arctic circle, and that 
about the south pole, the antarctic. Thus pqisike arctic, and p'q' 
the antarctic, circle. 

Circles corresponding to the tropics and polar droles, and 
bearing the same names, are conceived to be drawn on the earth's 
surface, dividing it into five portions called zones. The zone be- 
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tveen the tropies 19 csJMi the t&rrid zoae ; the two between tiie 
tn^ioB and polar circles are called the temperate sones ; and th« 
t#o within the polar cirdoB are caUed ihefriffid sooea. 

115. The Bight Ascension of a body is the arc of the equator 
intercepted, to the east^ between the yemal equinox and a declina- 
tion cirde passing dirough the bodj* Thus EG is the right 
ascension of the star S. 

The right ascension and declination (27) of a body, designate its 
situation in reference to the equinoctial colure imd the equator. 

116. A Oircle of Latitude is any great circle passing through 
the poles of the ecliptic. The arc pSR is part of a circle of 
latitude. 

117. The L<mgitvde of a body is the arc of the ecliptic inter- 
cepted, to the eagty between the vernal equinox and a circle of 
latitude passing through the body. 

The Latitude of a body is the arc of a circle of latitude inter- 
cepted between the body and the ecliptie. The latitude is north 
or eouthf according as the body is on the north or south side of 
the ecliptic. Thus, EH is the lonjgitude, and HS thi^ latitude^ of 
the star S, north 

The longitude and latitude of a body designate its place in 
reference to the circle of latitude passing through the vernal equi* 
nox and the ecliptic. 

PBOBLBM8. 

118. To find the obliquity of the ecliptie. The obliquity of the 
ecliptic may be found from the equation, tang dd'^taxxg E 
sin Ed' (106), in which dd' and "Ed' are known from observationi 
and the angle E is the obliquity of the ecliptic. This gives, 

^ Bin Ed' 

It »ay however be more accurately obtained from the sun's 
declination, found for several days at noon (102), about the time 
0{ eiABt aolstice. From these decUnati^na, the value of GQ, the 
grealeat dedication, nay be dednoed by intecpolaiion; and this 
wptuaes ih/d oUiquity of the ediptic (110). 
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FIXED STABS. 

120. Position$ of the fixed stars. When EG, the right ascension 
of one star S, hai} been obtained (106), the right ascension of any 
other body may be found from tiie observed interval in sidereal 
time, between its passage over the meridian and that of the star. 
This interval added to the right ascension of the star, expressed 
in time, or subtracted from it, according as the passage of the body 
is later or earlier than that of the star, will evidently give its 
right ascension in time. The method of finding the polar distance 
or declination has been already given (102). 

When the right ascensions and declinations of the stars have 
been found from observations, their longitudes and latitudes may, 
if required, be computed by the last article. 

121. Constellations. The ancients, in order to distinguish the 
various groups of stars, imagined figures of men, animals, and 
other objects, to be drawn around them in the concave surface of 
the celestial sphere. The group of stars contained within the con- 
tour of any one of these imaginary figures is called a Constellation. 
Each constellation bears the name of the figure which limits it. 

The number of constellations formed by the ancients is 48. To 
these about 40 have since been added ; some of them being small 
constellations, formed of stars not included in the ancient constella- 
tions, but most of them are in that part of the southern hemisphere 
not visible to the ancient observers. Ihoelve of the constellations 
follow one another along the ecliptic, and bear the same names as 
its signs. These are called zodiacal constellations. 

122. Stars of a constellation. The stars of a constellation are 
distinguished from one another by the letters of the Greek alphabet, 
which are applied to them according to their apparent relative size 
or brightness. The principal star in the constellation is usually 
named o^ the second jS, the third r^ ftnd thus on. When the num- 
ber of stars in a constellation exceeds the number of letters in the 
Greek alphabet, as it generally does, the remainder are designated 
by the letters of the Roman alphabet or by numbers. The expres- 
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aon a Lyrse, denotes the star « in the constellation Lyrcty a harp ; 
and so of others. 

Some of the stars have particular names, as Strtus^ Aldebarany 
Ar€turu9y &c. 

123. Definitum. A Catalogue of fixed Hars is a table containing 
a list of stars with their right ascensions and declinations, or their 
longitudes and latitudes. 

The first catalogue was formed by HtpparchtUy about 130 years 
prior to the Christian era; and contained the positions of nearly 
1000 stars. Various catalogues haye since been formed ; some of 
them containing the situations of many thousands of stars, most 
of which are only visible by the aid of a telescope. 



CHAPTER IX. 

PBB0B88I0H OF THB EQUINOXES — ^ABBBBATION — ^NUTATIOlfr. 

124. Pontion of the eeliptie and motion of the equinoxes. From 
comparisons of catalogues of the stars, formed at different times, it 
is found that the latitudes of the stars continue always nearly the 
same. Hence the position of the ecliptic among the stars must 
hefixed, or nearly so. 

But it is found, from these comparisons, tnat the longitudes of 
the stars are continually increasing at the rate of about 50'^ in a 
year. This increase of longitude is common to all the stars, and, 
except for a few, is the same for each star. It cannot therefore 
be reasonably imputed to motions in the stars themselyes. Hence 
it follows that the yemal equinox, the point from which longitude 
is reckoned, must haye a backward or retrograde motion along the 
ecliptic, equal to the increase in the longitudes of the stars. Let 
ECFD, Fig. 20, be the ecliptic, p and y , its poles, E, the place of 
the vernal equinox at any time, and E', its place at some subse- 
quent time, it having, during the intermediate time, retrograded 
along the ecliptic through the arc EE^ Then must the longitude 
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of any star S, be changed during tkis interval of time from BH to 
E'H ; being increased bj the quantity EE^ 

As the autumnal equinox is always directly oj^Msite to the 
vernal equinox, it must have the same motion. 

125. Definitian. The PreeeBsian of the I!quinoxe$ k the retro- 
grade motion which they have along the ecliptic. It is 6(y\ 2 in a year. 

126. The poles of the equator revolve with retrograde motions in 
small circles around the poles of the ecliptic^ at distances equal to 
the obliquity of the ecliptic. 

As the ecliptic remains in a fixed position or nearly so (124), it 
is evident the equator must change its position, otherwise there 
could be no motion in the equinoctial points; and a motion of the 
equator must necessarily produce motions of its poles. Let ECFD, 
Fig. 20, be the ecliptic, p and p'j its poles, and Poi, a small circle 
about the pole p^ at a distance equal to the obliquity of the ecliptic 
Then, since the distance between the poles of two great circles is 
equal to the angle they make with each other, if we suppose the 
obliquity of the ecliptic to continue the same, as it does nearly, 
the north pole of the equator must always be in the circle Vab. 

Let EQFB be the position of the equator at any time. Then 
will the great circle j^Gj/ D, having for its poles the equiitoctial 
points E and F^ be the position of the solstitial colore at that time 
(113), and P must therefore be the place of the north pfole of the 
equator. Let WQ/IP'W be the position of the equator at some 
subsequent time. Then will the great circle pC'p'D\ having for 
its poles the equinoctial points E' and F', be the position of the 
solstitial colure, and P', the position of the north pole of the equa- 
tor. Hence, while the vernal equinox has retrograded from E to 
E', the pole has retrograded from P to P' in the small circle Poi. 
The south pole of the equator must evidently have a corresponding 
motion. 

Obr. Sfnee E and E^ are the poles of pVp' and pV^p'y the are 
EB' is the measure of the angle PpP'. Hence the angular motion 
of the pole of the equator roimd the pole of the ecliptic is equid 
TO the precession of the equinoxes : that is, it is 50'^2 a year. It 
must th^efuie reqisre Marly 26^000 years to niake a complete 
revolution* 
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127. Pr€€€»$ion in Bight A^ceiman. If Sm be perpendieolar 
to W&j then will Wm be tke retrograde motion of the equinox in 
right ascension, sometimes called the precemon in right ascension. 
Taking E£' » 60''.2, we find Wm — 46'^, the annual precession 
in right asoeosion. 

128. Annual Variations in right ascension and declination. As 
the longitudes of the stars are continually changing, their right 
ascensions and declinations must also change. These changes are, 
howeyer, yery different for different stars, depending on their posi- 
tions. The change in the right ascension or declination of a star 
during a year, is called its anntuil variation in right ascension or 
declination. If we suppose E and E' to be two positions of the 
yemal equinox at an interyal of a year, and TsGt and T'sQ' to be 
arcs of declination circles through a star at Sj the annual yariation 
of the star in right ascension will be the difference between EG 
and E'G^ ; and its annual yariation in declination, the difference 
between sQt and sG\ 

Formulae are easily inyestigated for computing the annual yaria- 
tions in right ascension and declination.'*' In catalogues of the 
stars, the yalues of the annual yariations for each star, computed 
for the time for which the catalogue is formed, are annexed to the 
right ascension and declination of the star at that time. From 
these, the right ascension and declination of any star, contained in 
the^catalogue, may be found for any giyen time, proyided it be not 
many years distant from the time for which the catalogue was 
formed. In consiequence, howeyer, of small changes which the 
annual yariations themselyes undergo, from the changes in the 
positions of the stars in reference to the equator, it is requisite that 
new catalogues should be occasionally formed. 

128 a. Constellations of the zodiac and signs of the ecliptic. At 
the time of the first catalogue of the stars, 130 years prior to tha 
Christian era, the signs of the ecliptic corresponded yery nearly 
to the constellations of the zodiac bearing the same names. But, 
in the interval of nearly 2000 years since that period, the yemal 
equinox has retrograded about 28^ ; so that the sign Taurus now 



* See Appendix, art. 64. 
f2 9 
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nearly corresponds with the constellation Aries, the sign Qemini 
with the constellation Taarus, and so for the others. 

129. Visible effect of the precesdon of the equinoxes. The effect 
of the precession of the equinoxes becomes, in the course of ages, 
very conspicuons in the northern and southern parts of the heavens. 
The poles of the heavens, in their slow retrograde revolutions about 
the poles of the ecliptic (126), must approach near to different stars 
in succession. At the time the first catalogue of the stars was 
formed, the north pole was nearly 12^ distant from the present 
pole star, and its distance from it is now only about 1}**. The 
pole will continue to approach this star till the distance between 
them is about half a degree, and will then recede. In a period of 
12,000 years from the present time, the pole will have arrived 
within about 5^ of a very bright star, a Lyrae, from which it is now 
more than 50^ distant, and consequently will then be more than 
40® from the present pole star. 

This continual change in the position of the pole, must also make 
changes in the class of stars that are circumpolar at any given 
place. For a star cannot be circumpolar at any place, if its dis- 
tance from the pole is greater than the altitude of the pole at the 
place, or (57) than the latitude of the place. In process of time 
our present pole star will cease to be a circumpolar star in the lati- 
tude of Philadelphia. The student will, however, observe that these 
changes must be periodical. At the termination of a period of 
26,000 years (126), the position of the pole, with reference to the 
stars, and consequently the class of circumpolar stars at a place, 
will again become nearly the same as at the commencement of that 
period. 

130. Cause of the precession of the equinoxes. Investigations in 
physical astronomy prove that the precession of the equinoxes is 
produced by the attractions of the sun and moon on that portion of 
the earth that is on the outer side of an imaginary sphere, con- 
ceived to be described about the earth's axis. The effect of these 
actions is a slow change in the direction of the earth's axis, and 
consequently corresponding changes in the positions of the equator 
and its poles. 
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ABBRRATION. 

131. Dr. BradUy^s Observations. In the early part of the last 
century, Dr. Bradley, a celebrated English astronomer, commenced 
a series of accurate observations on the positions of some of the 
fixed stars, which he continued for a number of years. In the 
coarse of these obseirations, he found the apparent places of the 
stars to be subject to periodical changes, amounting, in some^ to 
about 40'^, and that the period of these changes was a year. After 
several unsuccessful attempts to account for these changes, it at 
length occurred to him that the annual motion of the earth, com- 
bined with the motion of light, must generally cause a star or other 
heavenly body to appear to be in a position different from its true 
position ; and, on investigation, he found that the changes in the 
apparent positions of the stars which must thus be produced, cor- 
responded with those he had observed. 

132. Uffect of the combined motions of the earth and of light on 
the apparent place of a body. From phenomena that will be here- 
after noticed, it had been ascertained, prior to the time of Bradley, 
that the transmission of light, though inconceivably rapid, is not 
instantaneous. It occupies 8 m. 13 sec. in passing the distance 
from the sun to the earth, and consequently moves with a velocity 
of about 192,000 miles per second. The velocity of the earth in 
its annual motion is 19 miles per second (107). Disregarding the 
motion of an observer at the earth's surface, that is produced by 
the rotation on the axis, which is small in comparison with the an- 
nual motion, let BD, Fig, 21, be the path in which he is carried at 
any time by the annual motion of the earth, during an interval so 
short that the path may be regarded as straight. Let E be any 
point in BD, «, the position of a star, having the direction E« from 
the pmnt E, AE, the distance through which the observer is carried 
during some small interval of time, and Eet, the distance through 
which light moves in the same time. Let AV, K!'a'\ &;c., and £«', 
be drawn parallel to Aa ; and the former will divide EA and Ea 
proportionally. Then, if a particle of light in the ray jsEbe at a 
when the observer is at A, it will be at a' when he is at A', at a-' 
when he is at A^', &;c. The particle therefore continues in th« 
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same direction from him while he is moving from A to E, and wHl 
meet his eye at E, coming to it in the direction t^, and conse- 
qnentlj making the impression of having come from a star at ^. 
iThe same applies to a series of particles, or, in the undnlatory theory 
of light, to a series of undulations. Hence the star % will appear 
to him to be at tf^ deviating from its tme position by the ang^e ^E^^. 

This phenomenon may be illustrated by suppodng a drop of rain 
falling in the direction of the line SE, and a hollow tube, with its 
axis in the position Aa at the instant the drop reaches the point a, 
the tube moving from Aa to E^ while the drop falls from a to E. 
It is plain that the drop will, in its descent along the line oE, de- 
scribe the axis of the tube ; and that to a person looking through 
the tube, and carried along with it, unconscious of his own motion 
and of that of the tube, the drop would seem to fall in the oblique 
direction of the tube. 

In the triangle AEa we have Ea : E A : : sin E Aa or sin DE»^ : 
sin AaE or sin «E^. But Ea : EA : : veloc. of light : veloc. of 
earth : : 192000 : 19. Hence 192000 : 19 : : sin DE^ : sin sE#^ 



19 



192000 



sin DE^. Or (App. 51), 



192000 

aE^ - ^^ sin DEt' ^ 20^88 sin DEt', 
192000 

or, sEt' - 20^86 sin DEs, without Mmsible error. 

When the angle DEs is a right angle, the deviation %&^ is 20'^86^ 
which is its greatest value. 

The deviation evidently takes plaee in the direetion in which the 
earth is moving, and will, ther^bre, have opposite directions at 
opposite seasons of the year. Thus if EFE^F', jPt^. 22, be the 
direction in which the earth revolves round the sun, the direetion 
of its motion when at E, will be BD, and the deviation of the star 
% will be to the right ; but when the earth is at E', the direction of 
its motion will be B^', and the deviation of ike star will be to the 
left. Therefore the whole change thus produoed in the af parent 
place of a star may amovii ta twice the greatest Take of iE«^, or 
about 4r'. 
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NUTATION. 

134. Bradley's Observations. Dr. Bradley found that, aftei 
allowances were made for precession and aberration, his observed 
places of the same star at different times were nearly the same. 
There were, however, deviations still too great to be ascribed to 
errors of observation. These deviations, unlike those due to aberra- 
tion, varied from year to year, and appeared to require a period of 
about 19 years to go through their course. This led to new inves- 
tigations ; and he at length ascertained that these deviations were 
occdsioned by an inequality in the precession of the equinoxes. 

135. IneqiLality in the precession cf the equinoxes^ and in the 
obliquity of the ecliptic. When treating of the moon it will be 
shown, that, in her revolution round the earth, she does not move 
in the plane of the ecliptic, but in a plane, making with the former 
an angle of about 5^ ; also, that the line, in which the plane of her 
orbit intersects that of the ecliptic, is continually changing its 
direction by a retrograde motion, making a complete revolution in 
a little less than 19 years. Now, the procession of the equinoxes 
is produced by the actions of the sun and moon on the protuberant 
part of the earth (130), but principally by that of the moon, in 
consequence of her comparative vicinity to the earth. The effect 
of the action of either of these bodies depends on its position with 
regard to the equator. As the protuberant part of the earth is 
equally divided by the equator, when either body is in the plane of 
the equator, its action can have no tendency to change the position 
of the earth about its centre, so as to affect the position of this 
plane, and consequently none to change the positions of the equi- 
noctial points. Its effect in producing these changes increases 
with an increase in the distance of the body from the equator, and 
is greatest when that distance is greatest. Hence, from the con- 
tinually varying positions of the sun and moon in reference to the 
equator, ie^ small oscillatory motion of the equator is produced. 
This, necessarily, produces an inequality in the precession of the 
equinoxes and also in the obliquity of the ecliptic. 



Digitized by VjOOQIC 



CHAPTER IX. 71 

Cbr. In consequence of the osciUatorj motion of the equator, 
its poles, in their retrograde revolutions about the poles of the 
ecliptic (126), do not move strictly in circles, but in waving curves 
that pass alternately within and without the circles, somewhat 
similar to that in Fig. 23. 

136. Nutation. The inequality in the precession of the equi- 
noxes or in the obliquity of the ecliptic, produced by the varying 
effect of the actions of the sun and moon on the excess of the earth 
above an inscribed sphere, is called Nutation* That produced by 
the action of the sun is called Solar nutation ; and that by the 
action of the moon is called Luryir nutation. 

Formula have been investigated, by means of which the values 
of the nutations in the precession of the equinoxes and obliquity 
of the ecliptic, and in the right ascension, declination, or longitude 
of a body, may be computed for any given time.* No one of the 
nutations amounts to more than a few seconds. 

137. Diminution of the obliquity of the ecliptic. From a com- 
parison of the latitudes of the fixed stars, as determined at dif- 
ferent periods, it is found that the plane of the ecliptic is subject 
to a slow progressive change of position. The direction of this 
change is such as to diminish the obliquity of the ecliptic. The 
diminution thus produced is found to be at the rate of 45^^7 in a 
century. 

The change in the position of the ecliptic is occasioned by the 
actions of the planets on the earth. The planets revolve round 
the sun in planes making small angles with the plane of the ecliptic, 
and are therefore in the latter, only when passing from one side 
to the other. As the plane of the ecliptic is the plane in which the 
earth is at any time moving, the attraction of a planet, when not 
in this plane, must tend to draw the earth from it ; or, which is 
equivalent, must tend to change the position of the plane. Inves- 
tigations in physical astronomy prove that the whole combined 
effect of the planetary attractions, must be a progressive change 
in the position of the ecliptic. They also show that the rate of 



* For the inyestigatioii of formiil» for the nnUdons in right ascension ana 
declination, see Appendix. 
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diminntion in the obliquity of the ecliptic produced by this change, 
after slightly increasing for a few centuries, must decrease ; and 
that the whole change in the obliquity from its present value, can 
never exceed IJ degrees.* 

188. Parallax of a body in right a$cen$ionf decUnatianj ^. 
The apparent places of all the heavenly bodies, except the fixed 
stars, are more or less affected by parallax (90). The difference 
thus produced in the right ascension, declination, longitude, or 
latitude of a body, is called parallax in right ascefmon^ parallax 
in declination^ ^c. By means of formulae which have been investi- 
gated for the purpose, the values of these parallaxes for any body, 
may be computed for any given time and place.t 

189. Secular and periodic inequalities. A eeeular inequality is 
one that requires many centuries to pass through its different 
values. Thus the change in the obliquity of the ecliptic, produced 
by the actions of the planets, is a secular inequality. The expres- 
sion, eecular equation or secular variation^ generally implies the 
amount of the inequality for a century. Thus we say the secular 
diminution of the obliquity is WJl. 

A periodic inequality is one that passes through its various 
values in a few days, months, or years, or at most in a few centu- 
ries. Thus the nutation of the equinoxes, frequently called the 
equation of the equinoxes^ is a periodic inequality. 

140. Mean and apparent places. The mean place of a body or 
point, the mean position of a plane, or the mean value of an angle^ 
is that which it would have at any time, if the periodic inequality 
or inequalities to which it is subject did not exist. Thus the mean 
place of the vernal equinox at any time, frequently called the 



* The change la the podtioa of the teliptie from ita proi«iit posttfon mmj bt 
oonsidorably groator than this ; its limit, aooording to FonUeoulant, being a Uttle 
orer 6®. Bat in oonsequence of the change in the position of the equator, hj 
which the procession of the equinoxes is produced, the Tariation in the oliqnitj 
•amiot exoeed the quantity menUoned in the text. 

f for these fbnnul» and thefar iuTCstigations, the student is referred to larger 
twatises, such as those hj Yinoe, Delambre^ Woodhouse, ke. 
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mean equinox^ is the place at which the equinox would be if there 
was no nutation. The same applies to the mean position of the 
equator, called the mean equator; and to the mean obliquity of the 
ecliptic. The mean right ascension of a body is the right ascen- 
sion of the mean plaee of the bod j, reckcmed from the mean equi* 
nox along the mean equator; and similarly for m^an declination, 
longitode, er latitude. 

The actual place of the vernal equinox at any time is called the 
apparent or true equinox; the actual obliquity of the ecliptic is 
called the apparent obliquity ; and the equator in its actual posi- 
tion is called the apparent or true equator. The apparent or true 
right ascension of a body, is the right ascension of the Itpparent or 
true place of a body, reckoned from the apparent equinox along 
the apparent equator; and similarly for apparent or true declina- 
tion, longitude, or latitude. 

The point in which the arc of a declination circle, passing through 
the mean equinox, meets the apparent equator, is the reduced place 
of the mean equinox. The small distance between this point and 
the apparent equinox, is evidently the nutation of the equinox in 
right ascension, or the equation of the equinoxes in right ascension. 

141. TcMes of reduction. The exact apparent positions of the 
fixed stars, are so continually wanted by the practical astronomer 
in adjusting and examining the adjustments of his instrumentSi 
and as points of reference, that much attention has been devoted, 
to obtain concise and accurate methods of deducing these from the 
mean places given in catalogues. In the catalogue of 8877 prin- 
cipal fixed stars, published a few years since under the direction i 
of the British Association for the Advancement of Science, besides 
the mean places, annual precessions, and secular variations, there 
are given certain constant logarithms for each star, by means of 
which, with others given, in the Nautical Almanac, for each day in 
the year, the apparent places of these stars may be found for any 
given time, with great facility. 

Professor Bessel, in his Tahulse Hegiomontansey has given 
general formulae and tables for reducing the mean places of the 
stars to apparent places. 

Q 10 
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CHAPTER X. 

SIBBRBAL AND SOLAE TIHB — ^TROPICAL YBAR— SUN'S APPARBNT 
ORBIT — KBPLBR'B LAWS — SOLAR TABLBS — BQUATION OF TDCB 
— sun's spots, and rotation on his axis — ^ZODIACAL LIGHT. 

142. Sidereal Time. The sidereal day, as now used by astro- 
nomers, commences at the instant the apparent vernal equinox is 
on the meridian, and is reckoned through 24 hours to the return of 
the equinox to the meridian.* Consequently the sidereal time at 
any instant expresses the apparent right ascension of the meridian 
at that instant, or of any body that is then on the meridian. Thus 
if t. Fig. 1, be the position of the apparent vernal equinox at any 
instant, the arc iQ, which expresses the sidereal time at the place 
A at that instant, expresses also the apparent right ascension of 
any body that is then on the meridian PZP^ 

The sidereal clock is adjusted, or its error and rate determined, 
by observations of the passages over the meridian of certain fixed 
stars, whose apparent right ascensions are known, or may be com- 
puted with great precision. The apparent right ascension of any 
other body, when on the meridian, may then be found by observing 
the time of its passage as shown by the clock, and correcting this 
time for the error of the clock. 

148. Solar Time. The interval between two consecutive re- 
turns of the sun's centre to the meridian, is called a eolar day ; 
and time reckoned by solar days is called solar time. The length 
of the solar day is found to be somewhat different at different 
seasons of the year; its mean or average length is called a mean 
solar day. 

If on any day the sun is on the meridian of a place, at the same 

* The equinox, haiing a preeeesion in right ascension or westwardly motion of 
46" in a year (127) or ^ of a second in a day, must return to the meridian 
sooner than a fixed star by ^^ of a second in time. The sidereal day, as here 
defined, is therefore shorter than as defined in Art 68, by y^^ of a second. In con- 
sequence of the nutation of the equinoxes, it is not strictly uniform ; but the d»- 
Tiation Is extremely small. 
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instant with some fixed star, he will, in consequence of his appa- 
rent eastward! J motion (7), be to the east when the star returns to 
the meridian next day, and will not arrive at it till some minutes 
later than the star. Consequently, the solar daj is longer than 
the sidereal daj. The mean solar day is found to be equal to 24h. 
8m. 56.555800. of sidereal time. 

144. Tropical Year. The interval between two consecutive re- 
turns of the sun to the vernal equinox is called a tropical year. 

145. Length of the tropical year. From the sun's declination, 
and the sidereal time when he is on the meridian, obtained for a 
number of consecutive days about the 21st of March, the time 
when the declination is nothing : that is, the time when he is at the 
equinox, may be accurately determined. If this be done in suo- 
eessive years, the length of the year, in sidereal time, becomes known. 

The length of the year, determined at different periods, is found 
to be subject to a slight variation. Its mean length at the present 
period, expressed in mean solar timcy is 865d. 5h. 48m. 48sec. 

146. Sidereal year. The time during which the sun, by his ap- 
parent motion, makes an entire revolution in the ecliptic, is called 
a sidereal year. 

147. Length of the eidereai year. In consequence of the re- 
trograde motion of the equinoxes (124), the arC; of the ecliptic 
which the sun passes through during a tropical year, is less than 
360° by 60'^2. Hence, as 860*^ — 60^2 : 860° : : length of the 
tropical year : length of the sidereal year. The length of the 
sidereal year is thus found to be 865d. 6h. 9m. lOsec. It is there- 
fore 20m. 22800. longer than the tropical year. 

148. Sun's apparent orbit. The path described by the sun's 
centre in the plane of the ecliptic, during an apparent revolution 
round the earth, is called the sun's apparent orbit or the solar orbit. 

149. Tfie Solar Orbit is an ellipse^ having the earth in one focus. 
Let PSAB, Fig. 24, represent the sun's apparent orbit, E, the 

place of the earth, P, the sun's place in his orbit when his apparent 
diameter is greatest. A, his place when it is least, and S, his place 
at some intermediate time. 
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•r, ES (AC - EC C08 AES) - AE.fiP - (AC + EC) (AC - EC) 

i* AC» - EC\ 
_„ AC* -EC* 

«''^S-AC-BOQoaAB8" 

This is the polar equation of an ellipse, of TThich AP is the 
transrerse axis, the centre, and E a focus. 

150, JSoHVi orbit. Let S, Fig. 25, be the Sun, and PEAE' the 
earth's orbit, or path described by its centre in the plane of the 
ecliptic, during a rerolution round the sun. Then substituting E 
fbr S, and the contrary, the demonstration in the last article proves 
tiiat the earth's orbit is an ellipse, having the sun in one focus. 

The discovery that the sun's iapparent orbit, or the earth's real 
orbit, is Ml ellipse, vtm made in the early part of the 17th century 
by Kepler J a celebrated Germto astronomer. He first ascertained 
that the orbit of the planet Mars was an ellipse, and, pursuing his 
investigations, he found that the orbits of the earth and other 
planets were also ellipses. This, being one of several important 
discoveries made by him relative to the planetary motions, is called 
Kepler'nfirti lavf^ 

151. Definitions. A Baiiu9 Vector is a straight line joining the 
centres of the sun and a planet, or the centres of a planet and 

^ satellite^ 

Perikelionj ^e. In the orbit of the earth, or a planet, the point 

nearest the sun is called the periheliony and that whidi is mos* 

distant, the apheUon. In the moon's orbit, or sun's apparent orbit, 

the point nearest the earth is called the perigee, and the most di9* 

tant point, the apogee. These points have also the general appella* 

tion of apsides : the nearest point being called Uie lower apsis^ and 

the most distant, the kigher apsis. The transverse axis of the 

ellipse, or the line joining the apsides, is called the line qf the 

apsides. 

The Eccsnirieity of an elliptical orbit, as the tenn is generally 

wed in astronofi^^ is the distanee between the centre and a foca% 

eoqpressed in terms of the semi-transverse axis regarded as a unil; 

or, whiok amounts to tbe same, it is the quotient of the distance 

between tfae oentre and foons^ divided by the semi^traiiBTefse aads. 
a2 
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of each planet describee aboat the sun equal areas in equal times 
This is called Kepler'9 second law. 

154. Kepler* 9 third law. In comparing the periods in which 
the planets revolve round the sun and their mean distances from 
him, Kepler discovered that the squares of the periodical times of 
the planets are proportional to the cubes of their mean distances 
from the sun. 

155. To find the position of the line of the apsides of the solar 
orbit. Let B and D, Fig. 24, on, opposite sides of the transverse 
axis APy be corresponding points of the orbit. Then it is evident 
that the sun's daily or hourly motion at I) must be the same as at 
B ; the time in which he moves from P to D must be the same as 
that in which he moved from B to P; and the longitude of the 
perigee P must be midway between the longitudes of B and D. 
Hence, when from a series of the sun's longitudes determined from 
observation, two times and the corresponding longitudes are found, 
at which the sun's hourly or daily motion in longitude is the same, 
the longitude of the perigee and the time that the sun is at that 
point become known. 

Another method. As AP, the line of the apsides, divides the 
orbit into two equal parts, the' sun must be as long in passing 
from A to P as from P to A. The time in either case is there- 
fore half a year ; and in this time the sun passes through 180^ of 
longitude. No other straight line through the earth's centre di- 
vides the orbit into two equal parts. It is, therefore, only in 
passing from one apsis to the other, that the sun employs just half 
a year in changing his longitude 180^. Hence two longitudes of 
the sun being found which differ 180^, and are separated by an 
interval of half a year, will be the longitudes of the perigee and 
apogee ; and the corresponding times will be the times the sun is 
at those points. 

156. Motion of the apsides. From observations made at distant 
periods it is found that the apsides have a slow direct motion. 
According to Prof. Bessel, from an examination of many observa- 
tions made at various times, the longitude of the perigee at the 
beginning of the year 1800 was 279® 80' 8"; and its yearly in- 
crease of longitude is 61^^52. 
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If from 61'^5| the annual motion of the perigee firom the vernal 
equinox, we subtract 50'^2, the annual retrograde motion of the 
equinox, we have ll'^S for the annual motion of the perigee. 

Taking 180^ from the longitude of the perigee in the year 1800, 
we have 99^ 80' 8^', for the longitude of the apogee at that time. 
If this be reduced to seconds and divided bj 61''.52, the yearlj 
motion of the apogee in longitude, the quotient is 5828. Hence 
it appears that about 5828 years anterior to the year 1800, the 
longitude of the a]>ogee was nothing; and consequently the line 
of the apsides then coincided with the line of the equinoxes. It 
may be remarked, that this ii about the period on which ohronolo- 
gists have fixed, as the time of the creation of the world. 

157. True and Mean Anomalies and Hqtuaion iff the Centre. 
The angular distance of a body from the perihelion or perigee of 
its orbit, reckoned to the eastward through the whole circumference 
of the circle, is called the true anomaly^* The angular distance 
from the perihelion or perigee, at which the body would at any 
time be, if it moved with its mean or average angular velocity, is 
called its mean anomalt/. The difference between the true and mean 
anomalies at any time is called the equoHan of the centre. Thus if 
8, Fig. 24, be the sun's place at any time, and $ the place at which 
he would have been at that time, if he had moved from P to t 
with his mean angular velocity^ then will the angle PES be his 
true anomaly, PEs^ his mean anomaly, and SE« the equation of the 
centre. 

The equation of the centre expresses the difference between the 
mean and true longitudes. For, let EQ be the direction of the 
vernal equinox. Then the angle QES is the sun's true longitude 
when he is at S, and QE« his mean longitude ; and these differ by 
the angle SE«. 

158. AnamaUetie year. The interval between two consecutive 
returns of the sun to the perigee is called an anamaligtie year. 

Hence as 360*^ — 50'^2 : 860*^ + ll^'.S : : length of troi»cal 
year : length of anomalistic year; which is thus found to be S65d. 
6L 18m. 46sec. 

- - — ■ -■ ^ 
* Formerly the tMmaXj mm reckoned IWun <he ^beiioa or ey o g e e. 
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E = L — M, and also E =» M' — L'. 
Hence, 2E - (M' — M) — (L' — L), 
^^(_MJ-M)-aA-L)^ 

In this expresBion for the greatest equation, (M' — M) is the 
son's mean motion in longitude during the interval between the 
two noons selected, and becomes known firom the mean daily motion 
in longitude; and (L^ — L) is known from the given true longi- 
tudes. 

The greatest equation of the sun's centre is thus found to be 
I*' 66'.8, nearly. 

161. Eccentricity of the solar orbit. Let r = EP {Fig. 24), « 
the radius vector for the perigee, r' » EA = radius vector for the 
apogee, v » sun's true daily motion at the perigee, v' »» the same 
at the apogee, and e » the eccentricity. Then v and v\ being the 
greatest and least daily motions, are known (152). By the same 
article, r' : r : : \/v : \/t;'. 

Hence, r' + r : r' — r::\/v + \/v' : \/v — \/t;', 
/ — r -v/v — -v/v' 

^ r^ — r 2EC EO ,---. 

Therefore, . - -^^^^i^^ vA^-vV ^ ^v - ^t/ 

v + v' — 2 s/vv' 
or, « = 

Taking v « 8670", and t/ - 3431'' (152), we find, 
e = .0168. 

The eccentricity and greatest equation in any elliptical orbit 
evidently depend on each other. If either is given, the other may 
be obtained by mathematical investigation. From such investiga- 
tion, it has been ascertained, that when the orbit does not differ 
greatly from a circle, the eccentricity is nearly equal to the quo- 
tient of half the greatest equation, expressed in seconds, divided 
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by 206264''.8, the seconds in the radius of a circle,* Thus, with 
the value of E = 1*^ 65'.3 (160), we find for e the same value as 
above. 

162. Secular variations of the equation of ike sun's centre aiid 
of the eccentricity of his orbit. The greatest equation of the sun's 
centre, and consequently the eccentricity of his orbit, as determined 
at periods distant from one another, are found to be subject to a 
slow, but continued diminution. The secular diminution of the 
greatest equation is 18'^, 

Investigations in physical astronomy prove that the variation of 
the eccentricity, from which that of the equation of the centre 
results, is produced by the actions of the planets on the earth. 

168. JKipfer'* Problem. When the eccentricity of the orbit 
and the mean anomaly of a body are given, the equation of the 
centre and true anomaly may be found. This problem, which was 
proposed and solved by Kepler, is one of some di£Sculty. Various 
solutions of it have, however, been since obtained ; one of which 
is given in the appendix. 

By formulae obtained from the solution of the problem, tables 
have been computed for the sun, moon, and planets, which give the 
value of the equation of the centre, corresponding to any given 
mean anomaly. 

The equation of the sun's centre for any given time, obtained 
from its table, and applied to his mean longitude at that time, gives 
his true longitude from the mean equinox, with the exception of 
some small corrections to be. noticed in the next article. 

164. Perturbations. The actions of the moon and planets cause 
the earth to deviate slightly from an elliptical orbit, and produce 
small periodic inequalities in its motion. These inequalities are 
called perturbations. The bodies which produce sensible perturba- 



* Putting ^ S3 the quotient of the vilne of £, in seconds, diyided \>y 206264^^.8, 
the foUoiring formnl» hare been obtained :^ 
11 699 

11 687 

' 768 988040 
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tions in the motion of the earth, or apparent motion of the stin, 
are, the moon, Venus, Mars, Jupiter, and Saturn. The whole 
amount of these perturbations, when greatest, is about ZV\ 

165. Sun's latitude. As the moon and planets are continually 
varying their positions with regard to the plane of the ecliptic, the 
effect of their actions in drawing the earth from this plane or 
changing its position (137), must also be continually varying. If, 
therefore, the plane of the ecliptic was regarded as always passing 
exactly through the centre of the earth, its progressive change of 
position would be subject to small periodic inequalities. Astrono- 
mers, however, find it more convenient to assume the change of 
position to be regular; and, consequently, to regard the earth's 
centre as deviating slightly from the plane of the ecliptic, some- 
times on one side and sometimes on the other. Hence, as this 
plane passes through the sun's centre, when the centre of the earth 
is on one side of it, the centre of the sun must appear to be at an 
equal distance on the other side, and must have a small latitude. 
The greatest value of this latitude is only about one second. It 
may, therefore, be neglected, except in very accurate investigations 
and computations.* 

166. Solar Tables. These are tables for computing the sun's 
longitude, latitude, radius vector, apparent semidiameter, and the 
apparent obliquity of the ecliptic at any given time. The best 
solar tables are those by Garlini, an Italian astronomer, published 
in the Milan Ephemeris for the year ISSS.f 



* The attractions of the different planets, depending on their masses and dis- 
tances from the earth, are yerj different, and some of them extremely smaH. But 
a yery small effect, if produced for a long time in the same direction, so as to 
accomttlate, may at length become sensible. Investigations in physical astronomy 
show, that the attractions of all planets, except the asteroids, are sensibly opera- 
tive in producing the progressive change in tiie position of the ecliptic. Bat with 
regard to the periodic inequalities in the effect produced, the case is different. 
Those inequalities in the attractions, which cause the earth's centre to deviate 
from the plane of the ecliptic and thus produce the sun's latitude, are only sensible 
for the moon, Venus, and Jupiter. 

f A new set of Solar Tables has been computed by MM. Hansen and Olufsen, 
uid just published by the Royal Society of Copenhagen. These tables have the 
advantage over Carlini's, of an additional twenty years' observations for their 
basis. They also surpass them in ftdness and in convenience of arrangement, and 
will, doubtiesB, soon become the standard solar tables. 
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son's mean motion in longitude, the time measured by the position 
of this imaginary sun, with reference to the meridian, is called 
mean time. And the instant at which the centre is at the meridian 
is mean noon. 

The mean day, according to this definition, b of uniform length, 
and is evidently the same as that defined in a preceding article 
(148). Mean time, therefore, flowing uniformly, is that to which 
clocks are adjusted for the common purposes of society, and also 
for many astronomical purposes. Observatories are usually fur- 
nished with at least two clocks ; one of which is adjusted to sidereal 
time, and the other to mean solar time. 

170. Equation of time. The difference, at any instant, between 
apparent and mean time, is called the equation of time. It depends 
on the unequal motion of the sun in the ecliptic and the obliquity 
of the ecliptic to the equator (168). 

171. The equation of time is equal to the difference between the 
sun*s true right ascension and the sum of his mean longitude and 
the equation of the equinoxes in right ascension^ converted into time. 

Let EQ, Fig. 27, be an arc of the equator, P its pole, PZM an 
arc of the meridian of a place, of which Z is the senith, EG an arc 
of the ecliptic, E the apparent or true equinox, E^ the mean equi- 
nox, S the true place of the sun in the ecliptic, and PE'G and 
PSH arcs of declination circles. Then G is the reduced place of 
the mean equinox, EG the equation of the equinoxes in right as- 
cension, EH the sun's true right ascension, and the angle HPM, 
of which HM is the measure, is the hour angle for apparent time. 

Let GS^ be equal to the sun's mean longitude. Then S' is the 
place of the imaginary sun, assumed to move uniformly in the 
equator (169), ES' — GS' + EG, is the sum of the sun's mean 
longitude and the equation of the equinoxes in right ascension, and 
the angle STM, of which S^M is the measure, is the hour aQgle 
for mean time. 

Put T ~ the apparent time and T^ « the mean time. Then 
since each 15° of the hour angle corresponds to an hour, we have 
in hours or parts of an hour, 

^ HM EM— EH 



16 15 
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S'M EM— ES' 



16 15 

Coiueqiientlj, by subtraction, we have for the equation of time, 
j_j,_ES^-EH ^ 

or, T'-T=-55ZZ^ (G) 

From these we have, also, for the expression of either time in 
terms of the other and the equation of time, 



15 — * * . 15 

The equation of time is given in the Nautical Almanac for every 
day in the year, with instructions whether to add or subtract in 
changing one time to the other. 

172. 7Hme» at which the equation of time is nothing. When the 
effects of the two causes on which the equation of time depends 
(170), are opposed to each other and are equal, the equation of 
time must be nothing ; apparent and mean time must then be the 
same. This occurs four times in the year; about jihe 15th of 
April, 15th of June, 1st of September, and 24th of December. 

173. Sidereal time. The arc EM of the equator converted into 
time, expresses the sidereal time (142). But EM =* EH + HM. 
Hence, the sidereal time is obtained by adding the apparent time 
to the sun's true right ascension, expressed in time. 

Again, EM =» GS' + EG + S'M. Consequently, the sidereal 
time is also obtained, by adding the mean time to the sum of the 
sun's mean longitude and the equation of the equinoxes in right 
SAcension, expressed in time. 

As EM is the right ascension of the zenith Z, it follows that the 
sidereal time expresses the right ascension of the zenith in time. 

174. Solar Spots. When the sun is viewed with a telescope 
furnished with a coloured glass to protect the eye, a number of 
dark spots are usually seen on his surface. Each spot generally 
consists of a central part of irregular form, which is black, sur- 
rounded by a margin or border, called the penumbra^ of much 
lighter colour, as represented in Fiff. 28. The spots differ greatly 
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176. Sypotheaes relative to the solar y>oti. Yarions hypothesee 
to account for the solar spots have been proposed. None of them 
are, bowever, entirely satisfactory. One of tbe most probable is 
that by Sir W. Herschel. He supposed that the mass of the sun 
is an opaque globular body, surrounded by an atmosphere of lumi- 
nous matter ; that this luminots atmosphere is not in contact with 
the body of the sun, but is sustamed far above it by a transparent, 
elastic medium, in which floats a stratum of cloudy matter ; and 
that, from the operation of local causes, cavities or openings are 
formed, both in the cloudy stratum and luminous part of the atmo- 
sphere, the opening in the latter being larger than that in the 
former. According to these assumptions, the part of the solid 
body of the sun that is under an opening, being shaded by the 
cloudy stratum, and thus receiving little or no light from the lumi- 
nous part of the atmosphere, must appear as a black spot. The 
part of the cloudy stratum contiguous to its aperture, and under 
the larger opening, reflecting light received from the latter, would 
form the border or penumbra of the spot. 

177. Zodiacal Light. A faint light, somewhat resembling that 
of the milky way, or more nearly that of the tail of a comet, and 
being nearly in the form of a cone with its base towards the sun, 
and its axis nearly in the direction of the ecliptic, is frequently seen 
at certain seasons of the year in the west after the close of twilight 
in the evening, or in the east before its commencement in the 
morning. This is called the zodiacal light. 

The state of the air and other circumstances being the same, the 
zodiacal light is most distinctly seen when its direction or the 
direction of the ecliptic is most nearly perpendicular to the horizon. 
This, for places whose latitudes are from 40° to 60° north, occurs 
about the 1st of March for the evening, and about the 10th of 
October for the morning. In some years, the zodiacal light is very 
perceptible in the evening for several weeks contiguous to the for- 
mer time, and in the morning for a like period contiguous to the 
latter time. 

The distance to which the zodiacal light extends varies from 20° 
or 80°, to 70° or 80°. No very satisfactory explanation of this 
phenomenon has as yet been given. Sir William Herschel was of 
opinion, tnat the sun, viewed from one of the other stars, would 
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appear to be snrroanded bj a nebulosity, similar to tbat in which 
some of the fixed stars appear to be enveloped, as seen from the 
eartL 



CHAPTER XL 

PARALLBLISH OF THE BAETH'S AXIS — VARIATIONS IN THE 
LENGTHS OF DAT AND NIGHT — SEASONS — ASTBONOMIGAL 
PROBLEMS. 

178. Parallelism of the eartJC 9 axis. In the annual motion of 
the earth round the sun, its axis continues very nearly in the same 
direction, or, in other words, it continues parallel to itself yetj 
nearly, the small deviation from parallelism being that which cor- 
responds to the slow motion of the poles of the equator about those 
of the ecliptic (126). The axis being perpendicular to the plane 
of the equator, it is evident that it must continually make, with the 
axis of the ecliptic, an angle equal to the obliquity of the ecliptic. 
On this inclination of the axis, and on its parallelism, depend the 
variations in the lengths of day and night, and the changes of the 
seasons. 

179. Circle of lUuminatian. The great circle in which a plane 
through the earth's centre, and perpendicular to its radius vector, 
intersects the surface of the earth, is called the circle of illuminor 
tion. This circle separates the enlightened half of the earth's 
surface from the other half which is in the dark."** 

180. Different lengths of day and night. Let S, Fig. 80, be 
the sun, ABGD the orbit of the earth, which may here be regarded 
as a circle, c the earth's centre, pj/ its axis, making an angle of 23^ 
28' with aby a perpendicular to the ecliptic, and let p and p' be re- 

* In oonsequenee of tlie son being mnoh larger than tlie earth, and also of the 
refraction of the earth's atmosphere, the snn illominates rather more than half 
the surface at the same time. Bat, in general explanations, this small excess is 
not noticed. 
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spectively the north and south poles of the earth. As the axisjcp' 
continues parallel to itself during the earth's revolution round the 
sun, its position with regard to the radius vector Scy and, conse- 
quently, with regard to the circle of illumination, which is perpen- 
dicular to S<?, must continually vary. 

At the vernal and autumnal equinoxes, the sun's polar distance 
being then 90°, the angle pcS^ which expresses this distance (27), 
must be a right angle, and consequently the axis pp^ then coincides 
with the plane of the circle of illumination. This is represented 
in the positions of the earth near A and G, where pbp'a is the circle 
of illumination. As the circle of illumination then passes through 
the poles of the earth, it must bisect not only the terrestrial equa- 
tor, but also all circles on the earth's surface parallel to the equator. 
Hence, since, by the diurnal revolution of the earth on its axis, 
places on its surface move uniformly in circles parallel to the 
equator, each place must be as long on one side of the circle of 
illumination as on the other, and the length of the days and nights 
must be everywhere equal. 

From the vernal equinox to the autumnal, the angle pcS is less 
than a right angle. The north pole is therefore turned towards the 
sun, and the south pole from him, and the circle of illumination 
cuts the parallels of latitude unequally ; the longer parts, on the 
north side of the equator, being towards the sun, and on the south 
side, from him ; the inequality in each case being greater as the 
latitude is greater. It consequently follows, that during this period, 
there must be continued day at the north pole and parts adjacent, 
and continued night at the south pole and adjacent parts ; and that, 
at other places, the days and nights must be unequal ; the days 
being longer than the nights in the northern hemisphere, and 
shorter in the southern ; the difference evidently being greater as 
the latitude is greater. The portions of the earth around the poles, 
at which there is continued day or night, and the difference between 
the lengths of day and night at other places, continually increase 
from the vernal equinox to the summer solstice, at which time the 
angle pcS is least, and the inclination of the axis to the circle of 
illumination is greatest, being then equal to the obliquity of the 
ecliptic. This is represented at the place of the earth near B, 
where the circle of illumination, being seen edgewise, appears as 
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The zenith of a place, at the terrestrial equator, is in the plane 
of the equator. It is, therefore, obvious, from a reference to Fig. 
80, that as the earth revolves on its axis, the zenith of a place at 
the equator must, during one half the year, pass on one side of the 
sun's centre, and during the other half on the other side ; or, in 
other words, the sun during one half the year must pass the meri- 
dian to the south of the zenith, and during the other half to the 
north of it ; its meridian zenith distance not, however, at any time 
exceeding 28° 28'. Consequently, at places at the equator or 
near it, the intensity of the sun's heat during the middle part of 
the day must always be great ; and as the days are at no time less 
or much less than 12 hours in length, the temperature is great 
throughout the year. The greatest intensity of the sun's rays at 
those places is at or near the equinoxes, when the sun passes the 
meridian at the zenith or very near it. 

It is further obvious, that at all places within the torrid zone, 
the sun must, in the course of the year, pass the meridian on op- 
posite sides of the zenith ; and, at two periods in the year, it must 
pass at or very near the zenith. Consequently, not only at the 
equator, but throughout the torrid zone, there are two seasons in the 
year at which the sun, when on the meridian, is nearly or quite 
vertical, and the intensity of his heat is very great. 

In either of the temperate zones, the sun passes the meridian at 
all times in the year, on the same side of the zenith. The dif- 
ference, therefore, between the least meridian zenith distance, 
which, in the northern zone, occurs at the summer solstice, and its 
greatest, which occurs at the winter solstice, must be twice 23° 28', 
or 47° nearly. In consequence of this large difference in the sun's 
meridian zenith distances, and of the increased length of the days 
at the period he approaches nearest the zenith, and diminished 
length at the time his meridian altitude is least, the difference in 
temperature at these opposite seasons is necessarily great. 

In the frigid zones, the sun can never ascend far above the hori- 
zon, and consequently the temperature is always low. 

It follows from the preceding paragraphs, that places at and near 
the equator may be regarded as having two summers and two win- 
ters in each year, without much difference in the temperature, 
which is always high, and that this is the case throughout the torrid 
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zone ; the difierence, however, between the summers and one of the 
winters increasing as the distance from the equator increases. 

It is usual in the north temperate zone to regard Spring as com- 
mencing at the yemal equinox, or 20th of March ; Summer, at the 
summer solstice, or 21st of June ; Autumn, at the autumnal equi- 
nox, or 22d of September ; and Winter, at the winter solstice, or 
21st of December. 

182. Duration of Twilight The time of twilight at any place 
is the time during which the sun, in his diurnal motion^ is between 
the horizon of the place and a parallel to the horizon at the dis- 
tance of about 18° below it (88). Let EPR, Fig. 81, be the 
meridian of a place, Z its zenith, HR the western half of its hori- 
zon, FO a parallel to HR at the distance of 18° below, EQ the 
equator, P its pole, and MN the western half of the sun's diurnal 
path. Then the time during which the sun is descending from A 
to B, or while the hour angle increases from ZPA to ZPB, is the 
time of the evening twilight. As the sun's declination changes but 
little during a day, the morning and evening twilights of the same 
day must evidently be nearly of the same length. 

The angle APB, when converted into time at the rate of 15° to 
the hour, expresses the duration of twilight. The magnitude of 
this angle, and consequently the duration of twilight, evidently 
depend on the latitude of the place, and the declination of the sun. 
For the same declination, the twilight is longer as the latitude is 
greater. At places in northern latitudes, the twilight is longest at 
the time of the summer solstice ; and shortest, when the sun has a 
few degrees of south declination.'*' At Philadelphia, and other 
places whose latitudes are about 40° N., the shortest twilight occurs 
about the 6th of March and 8th of October. 

When the sun's diurnal path is M"N", meeting the meridian 
above F, it is evident the twilight must continue all night, as the 
sun does not then descend so low as FG. This must take place 
when PN^', his distance from the elevated pole, is less than PF, or 
PH + HF, or the latitude of the place + 18° ; or, which amounts 
to the* same, when the latitude is greater than PN'' — 18°. Vow, 
when the sun has his greatest declination, and of the same name 

* * This is shown in the Appendix, art 58. 
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with the elevated pole, PN" is about 66}®, and, consequently, 
PN^' — 18° = 48}°. Hence, at a place whose latitude is more than 
48}°, the twilight continues all night at the time the sun's declina- 
tion is greatest and of the same name with the latitude. 



PROBLEMS. 

183. To find the latitvde of a plaee. 

Ist Method. Let M, M', m or w', Fig. 31, be the point in which 
the sun, or a fixed star, passes the meridian PRN. Then we have 
the latitude ZQ = ZM + QM = ZM' - QM = Qm - Zw = 
Qm' — Zw'. Hence, calling the zenith distance of the body north 
or south, according as the zenith is north or south of the body, 
when the declination of the body and its correct meridian zenith 
distance are of the same name, their sum will be the latitude, which 
will be of that name ; and when they are of difierent names, their 
difference will be the latitude of the same name with the greater 
quantity ; observing, however, that when the body passes the me- 
ridian below the pole, the supplement of the declination must be 
used instead of the declination itself. Consequently, when, from 
the observed meridian altitude of the sun or a star, the correct 
altitude has been found, by applying the proper corrections, the 
latitude is thus very easily obtained. 

If two stars be selected, one of which passes the meridian to the 
south of the zenith, and the other to the north, at about the same 
altitude, and the latitude be obtained by each, the mean of the two 
results will be nearly free from any small errors depending on want 
of accuracy in the centering or adjustment of the instrument used 
in observing the altitudes, or in the table of refractions. For, as 
such errors would affect the observed altitudes equally, or nearly so, 
making them both too great or too small by the same quantity, it 
is obvious, from the expressions for the latitude in the two cases, 
that the latitude obtained by one star must be as much too great 
as that obtained by the other is too small. 

2d Method. Let S, Fig. 33, be the position of a star out of the 
meridian, and let SD be an arc of a great circle perpendicular to 
the meridian. If the altitude of the star be observed and corrected 
for refraction, and the time at which the altitude is taken be also 
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obsenred, Tre shall have given in the triangle ZPS, the two sides 
PS and ZS and the angle ZPS, to find PZ, the complement of the 
latitude. For PS is known from the declination of the star, ZS is 
the complement of the correct altitude, and the angle ZPS, the 
star's distance from the meridian, is the difference between the 
star's right ascension .and the sidereal time of observation, ex- 
pressed in degrees. If the observed time is mean solar time, the 
eorresponding sidereal time must be obtained'*' (142). 

In the right angled triangle PDS we have (App. 49), 
tang PD -> cos SPD tang PS. 

And, from the right angled triangles PDS and ZDS, we have 
(App. 45), 

cos PS oTx COS ZS 
tSjt « cos SD = f¥r\i 

COS PD COS ZD 

or, COS PS : cos PD : : cos ZS : cos ZD. 

The difference between PD and ZD, or their sum, when D falls 
between P and Z, gives PZ, the complement of the latitude. 

It is best to make the observations when the star is near the 
meridian, as a slight inaccuracy in the observed time does not 
then sensibly affect the computed latitude. This is not, however, 
material when it is the Pole star that is observed, as its motion in 
altitude is, at all times, slow. The star selected should not be one 
that passes the meridian so near the zenith as to leave a doubt 
with regard to the side of it on which the perpendicular SD 
would falL 

There are various other methods of finding the latitude of a 
place; one of which has been given in a previous article (58). 

183.a CHven the latitude of a place and the 9un'8 deelinationy t» 
find the time of his rising or setting. 

Let HWB, Fig. 81, be the western half of the horizon, Z the 
zenith, EQ the equator, and P the elevated pole. Also let NM 
be parallel to EQ, at a distance equal to the given decKnation. 
Then will A, its intersection with HB, be the point of the horizon 
at which the sun sets, and the hour angle APM, converted into 



* In ih« Naatioal Almanac, tlie sidereal time at mean noon» at QreeniHoh, ia 
^Ten for each day in the year ; and the method of finding it» fbr any time, at any 
awidian, it giTon also. 

I 18 
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Then in the spherical triangle EPS, we have (App. 38), 

flmHZ+P-I')8ipHZ + L-D) 
■"*^"^ 8mL^:D 

If we take Z *= 90® + reaction — parallax — semi-diamet&rj the 
above formula gives the semi-idiumal arc for the apparent rising 
or setting of the sun's upper limb. 

165. ToJimiithetfmrfb€giimh^arend<tftw^ 
At the beginning or end of twilight the sun is 18^ below the 
horixon (88). Let B be the position of the sun when at this dis- 
tance below the horizon. Then, in the triangle ZBP, we have 
L » PZ and D s PB as in the last article, and Z » ZB » 90'' 
+ 18® =» 108°. Hence, 

^ , p ^ ^sin i (108® + D - L) sin } (108® + L - D) 

sin L sin P 

186. CHven the latitude of a place an4 the sun' 8 declination OM 
aUAudey to find the time of day. 

Let S be the position of the sun. Taking D an^d L ^.above^ 
and Z = ZS — 90® — SK,,and P = the hour angle ZPS; the 
value of P may be found by the formula in article 184. 



CHAPTER Xn. 

DEFINITIONS. 



187. Oonjunetion^ ^c, A body is said to be in conjy^nction 
with the eun^ or simply in conjunction^ when its position is such, 
that its longitude and that of the sun are the same;"*" to be in 
cppoeition, when their longitudes differ 180® ; and to be in qv^adror 
turCf when their longitudes differ 90® or_270®. Tlje term sys^gy 
yh used to denote either conjunction or opposition. 

* When may two of the hesTenljr bodies haye the rame longitude, t^ej are^said 
to be in eoignnction. 
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When the body is in any of the four positionSy midway be- 
tween the syzygiea and quadratures, it is said to be in octant. 

As each of the planets Mercury and Venus revolves at a less 
distance from the sun than that of the earth (18), either of them 
may be in conjunction both on the same side of the sun with the 
earth and on the opposite side. The former is called inferior^ and 
the latter, superiary conjunction. 

Some of the preceding terms are frequently designated by cha- 
racters, as follow : — 

Conjunction 6 
Opposition 8 
Quadrature D. 

188. Nodes. The two points in which the orbit of the moon or 
a planet is cut by the plane of the ecliptic, are called nodes. That 
node in which the body is, when passing from the south to the north 
side of the ecliptic, is called the ascending node, and the other 
the descending node. The nodes are frequently designated by the 
following characters : — 

Ascendmg node Q 
Descending node 0. 

189. Different revolutions of a body. The sidereal or periodic 
revolution of a body is the time during which it makes a real revo- 
lution round the central body ; or, it is the period that elapses from 
the time the body and a fixed star have equal longitudes, supposing 
them to be observed at the central body, till their longitudes are 
again equal. 

The tropical revolution of a body is the period that elapses from 
the time it is at the vernal equinox, or any given longitude, as seen 
from the central body, till its return to the same. 

The synodic revolution of a body is the interval between two 
.consecutive conjunctions or oppositions of the body. In the case 
of Mercury or Venus, it is the interval between two consecutive 
conjunctions of the same kind. 

The anomalistic revolution of a body is the interval between two 
consecutive returns of the body to the perigee or perihelion of its 
orbit, or to the same anomaly. 
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The nodteal revolution of a body is the interval between two 
consecutive returns of the body to the same node. 

OP THE MOON. 

ISQ.aMoonrevoheiround the earth. The moon appears to make 
a complete circuit of the heavens in rather less than a month (6). 
Hence, either the moon really revolves round the earth, or the latter 
revolves round the former. That the moon's apparent motion is not, 
like that of the sun, produced by a motion of the earth, but that 
it is a real motion, follows from the relative sizes of the bodies : 
the bulk of the earth being nearly fifty times that of the moon (100). 

Strictly speaking, the earth and moon both revolve about the 
centre of gravity of the two, which is a point in the line joining the 
centres, situated a small distance within the earth's surface. This 
follows from the principles of mechanics, and is in accordance with 
their motions as deduced from observations. 

The distance of the moon from the earth is only about the 400th 
part of that of the sun (95, 96). While, therefore, the moon re- 
volves round the earth, she at the same time revolves with the earth 
round the sun. 

190. Moon's tropical revolution. From observations made when 
the moon is on the meridian, her right ascension and declination 
are easily obtained (142, 102). With these, and the known obli- 
quity of the ecliptic, her longitude may be computed (119). By 
daily, or at least frequent, observations and computations of this 
kind, the interval, from the time at which the moon has any given 
longitude, till her return to the same, may be determined. This 
interval, which is the tropical revolution of the moon, is found to 
be subject to considerable variation. Its mean length is about 
27.32 mean solar days."*" 

191. Moon's path.. The moon's observed right ascension and 
declination serve to determine her latitude as well as longitude 
(119). Frequent determinations of both, during her revolution 
round the earth, show that her path does not coincide with the 



* For more exact expressions of this and other periods, see tables at end of 
PartL 
i2 
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l^Migilode (159, 192), the exoeas of that of the moon above that ofi 
the SQXkf becomes known. Hence, ae thi? e^esa : 360° : : 1 ^j 
: the moon's mean synodic revolntion. Its. length is thus found t^ 
be about 29 J mean solar days* 

196. PotUwM of t^ moon's nodes. Let B, Fig. 34, be the 
earth, YNL an arc of the ecliptic, pmag the moon's orbit, and 
BNH an arc of the great circle in which the plane of the moon's 
orbit meets the celestial sphere. Then since EN is in the plane 
of the ecliptic, the point n in which it meets the orbit is the moon's 
ascending node, and N is the place of the node referred to the 
celestial sphere. 

From a series of the moon's longitudes and latitudes, computed 
from the observed right ascensions and declinations, we may find 
the longitude when the latitude is zero. This will evidently be the 
longitude of one of the nodes. If the latitude is then changing 
from south to north, it will be the longitude of the ascending node 
n or N. The longitude of the ascending node increased by 180^ 
most give the longitude of the descending node. 

197. Retrograde movement ofmoon^s nedes. From the longi- 
tudes of the moon's nodes, repeatedly determined, it is found that 
they have a retrograde motion along the ecliptic, amounting to 
about 19^ in a year. By this motion, which is not quite uniform, 
the nodes make a mean tropical revolution in 18 years and 224 
days, aeatly. 

198. Inclination of TtjMon's orbit. From a series of the moon's 
latitudes, the greatest latitude FF' may be found. 

This greatest latitude has place when NF', the excess of the 
moon's longitude above that of the node, is 90°. It is, therefore, 
the measure of the angle LNH, which is the inclination of the moon's^ 
orbit to the ecliptic. The inclination of the orbit, thus obtained Skt 
different times, is found to be subject to some variation. Its least 
a»d greatest values are about 5^ and 5^ 17^^ 

199. Orbit longitude. When a body maves in ^n orbit inelin^^ 
to the ecliptic, the sum of the longitude of the ascending na4e an€( 
the eastwardly angular distance of the body from the node, is 
called its orbit hngitude. Thus, if Y, Fig. 34, be the vernal equi- 

• 
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noz, and M the moon's plaee referred to the celestial sphere, the 
sum of the angles YEN and NEM is the orbit longitude of the 
moon when at m. If V be a point in the orbit when referred to 
the celestial sphere, corresponding to the vernal equinox, that is, 
such that the angle VEN is equal to YEN, then the angle Y^EM 
or arc Y^M, is the moon's orbit longitude when she is at m. 

When the inclination of the orbit, the longitude of the node, and 
the longitude of the body are given, the orbit longitude is easily 
found. Let MD be an arc of a circle of latitude. Then YD is the 
longitude of the body. Subtracting YN, the longitude of the node, 
from YD, we have NJD. Then in the right angled spherical tri- 
angle NDM, we have the base ND and the angle MND, to find 
NM, the measure of the angle NEM. The angle NEM added to 
Y'EN or YEN, the longitude of the node, gives Y'EM, the orbit 
longitude. 

Conversely, the longitude may be found when the orbit longi- 
tude is given. 

200. Apiides of the moan's orbit. Using the orbit longitudes 
of the moon, the orbit longitudes of the apsides of her orbit may 
be found by proceeding in the same manner as for the positions 
of those of the sun's apparent orbit (155). The orbit longitudes 
being found, the longitudes may be obtained by the preceding 
article. 

201. Motion of the apsides of the moon's orbit. The longitudes 
of the apsides, obtained at different periods, are found to increase 
at the rate of about 41° in a year. They have, therefore, a direct 
motion, and make a mean tropical revolution in a little less than 
9 years. 

The motion of the moon's nodes, the variation in the inclination 
of the orbit, and the motion of the apsides are all effects of the 
sun's attraction on the moon.^ 

202. Moon's orbit. From the greatest and least parallazes of 
the moon (95), and from her parallax when at any position fn, 
Fig. 84, in her orbit, the least and greatest radius vectors Ep and 
Ea, and the radius vector Em become Itnown (98). From the 

• S«« Chapter XXn. 
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orbit longitudes of the perigee and of the moon, when at w, the 
Talue of the angle pEm at that time is known, being equal to their 
difference. 

Assuming the orbit to be an ellipse, of which ap is the transverse 
axis, E a focus, and C, the middle point of op, the centre, we haye 
aC — J (oB + Ep), EC ^ J (aE — Ep), and, by the property of 
the ellipse, 

aC«-EC» 

aO + EO COB pEm 

Now, whatever be the position of 9n, the value of Em, obtained 
from this expression, is always found to be nearly equal to its value 
obtained from the parallax. Hence, the moon's orbit is nearly an 
ellipse, having the earth in one focus. 

It may also be found in the same manner as for the sun (153), 
that the moon's radius vector describes round the earth nearly 
equal areas in equal times. 

203. Gheate$t equation of the centre and eccentricity of moon'g 
orbit. These may be obtained in the same manner as for the sun 
(160, 161). Or, the eccentricity may be found from the values of 
aO and EG, deduced from the greatest and least parallaxes, as in 
the preceding article. The eccentricity being known, the greatest 
equation may be computed by the formula in the note to article 
(161). 

The greatest equation is found to exceed 6^, being more than 
three times that of the sun. Consequently, the eccentricity of the 
lunar orbit must also be more than three times that of the apparent 
orbit of the sun or orbit of the earth. 

204. Other equations of the moon's motion. The moon's motion 
is subject to numerous inequalities besides the equation of the 
centre. The three principal ones are called, respectively, Evection^ 
Variation^ and Anniud Equation. The Evection was discovered 
by Ptolemy. It depends on the angular distances of the moon 
from the sun and the perigee. YHien greatest it amounts to about 
IJ®. The Variation was discovered by Tycho Brahe. It disap* 
pears when the moon is in the syzygiee and quadratures, uid is 
greatest when she is in octants. It then amounts to 85'.7. The 

14 
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Annual Equation depends on the son's mean anoaialy, and, lAea, 
greatest, amoonts to 11^.2. 

InTestigations, in physical astronomy, by Laplace and others^ 
hare made kno?ni the causes of these inequalities, and have dis- 
covered various smaller ones with which the moon's motbn is af- 
fected. By means of these investigations, and long continued 
accurate observations, the moon's motion is now knovm, uid her 
place at any given time may be computed, with a very near ap- 
proach to precision. 

205. Lunar Tables. There are two sets of lunar tables, of nearly 
equal accuracy: one by Burkhardt^ and the other by Damoiseau. 
The former, in which 36 equations are employed in finding the 
longitude, is used in computing the Kautical Almanac, Connaia- 
sance des Tems, and Berlin Jahrbuch. 

206. Moon's phases. The different forms which the moon's 
visible disc presents, during a synodic revolution, are called phases. 

The moon's phases are completely accounted for by assuming 
her to be an opaque globular body, rendered visible by reflecting 
Kght, received from the sun. Let E, Fig. 85, be the earth, and 
ABCD the orbit of the moon ; the sun being supposed to be at a 
great distance in the direction ES. When the moon is in con- 
junction at A, the enlightened half* is turned dhreotly from the 
earth, uid she must then be invisible. It is then said to be new 
moon. 

About 7^ days after new moon, when she is in quadrature at B, 
one half of her illuminated surfriee is turned towards the earth, 
and her enEghtened disc then appears as a semi-circle. She is 
then said to be at her first quarter. 

About 15 days after new moon, when she is in opposition at C, 
the whole of her illuminated surface is turned towards the earth, 
and she appears as a full circle. It is then said to he full moon. 

About 7} days after this, when she is again in quadrature, at D, 
one half of her illuminated surface being towards the earth, she 
again appears as a semi-circle. She is then said to be at her last 
quarter. 

* As th« Msm ii Ux gvesttr than the soon, he tnlightoM imthtr movt tham half 
Wr Borfaee. But thU slight ezoMS n«td not be here eoniidered. 
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From new moon to first quarter, and from last quarter to new 
mo<m, her enlightened disc is ci^led a crescent. This phase is 
represetited near a and d. The two extremities of the crescent 
are called cuepe or hams. From first quarter to full moon, and 
from full moon to last quarter, the form of her enli^tened disc is 
said to be gMaus. This phase is represented near h and c. 

207. lAination or Lufuxr Month. The interval ft^mi new moon 
to new moon again, is called a lunation or lunctr month. It is 
evidently the same as a synodic revoluticm of the moon. 

208. Mean New or Full Moon. The time at which it would be 
new moon or full moon, according to the mean motions of the sun 
and moon, is called mean new moon or mean full m6oQ. 

209. Obscure part of the moon*s disc. When the moon is first 
losible after new moon, the whole of her disc is quite perceptible, 
the part not fully illuminated appearing with a fttint light. As the' 
moon's age, that is, the tune from new moon, increases, the obscure* 
part becomes more and more faint ; and it entirely disappears be^ 
fore full moon. This phenomenon depends on light reflected from 
the earth to the moon, and from the moon baok to the earth. 

When the moon is near to a, she evidently receives light frt)m 
nearly the whole of the earth's illuminated surface ; and this lighii 
being in part reflected back, renders visible that portion of the disc 
that is not directly illuminated by the sun. As the moon advances 
towards opposition at C^ the quantity of light she receives from the 
illuminated surface of the earth must evidently decrease ; and its 
eflect in rendering the obscure part visible, is still further diminished 
by the increased size and, consequently, increased light of the di- 
rectly illuminated part, which finally prevents the faint light of the 
former from making any impression. 

210. The earth as seen ftrom the moon. It is olMoms, from the 
explanation in ^ preceding article, that to an observer at the 
moon, the earth must appear as a splen^ moon, assnmmg aU the 
phases of the latter body as seen from the earth, and kaving more 
than three tknee the apparent diameter (100). 

211. Moon's surface. When the moon is viewed with a telescope, 
the line separating the enlightened part of the disc .from the ob« 
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213. Seme w/rfact ofihe moon always tomtrds ike earth. The 
yarions spots on the moon always occupy nearly the same poisitions 
on the disc. Hence it follows that nearly the same surfiftce is 
always turned towards the earth. Hence^ fdso, if we suppose the 
moon to be inhabited, the inhabitants on abotit one half the surface 
can never see the earth while they remain on that half. 

214. Of the moon* 9 atmo%phere. The moon sometimes passes 
between the earth and sun, and, sometimes, between the earth and 
a star or planet, causing what in the former case is called an eclipse 
of the sun, and in the latter, an occultation of the star or planet. 
Assuming the moon to have no atmosphere, the durations of these 
phenomena may be very accurately computed by means of the 
known motions and apparent magnitudes of the bodies. 

Now, if the moon was surrounded by an atmosphere, such aa 
appertains to the earth, it would, by its action on the rays of light 
passing through it, produce a sensible effect on the duration of an 
eclipse of the sun or of an occultation. But no such effect has 
been observed. It is, therefore, inferred that the moon hoe no at^ 
moiphere ; or that^ if she hae^ it mtust be of very little density. 

From a full investigation of the subject. Professor Bessel draws 
the conclusion, that, if we assume the moon to have an atmosphere 
constituted like that of the earth, its density at the moon's surface 
cannot be more than about the 1000th part of that of the earth's, 
at the earth's surfiBice.'*' 

215. MoorCs rotation on her axis. The moon revolves with a 
uniform motion, from west to east, about an axis nearly perpendi- 
cular to the plane of the ecliptic, in the same time that' she makes 
a revolution in her orbit. 

Let E, Fig. 86, be the centre of the earth, aa^ a part of the 
moon's orbit, a and a' two successive positions of the moon's centre, 
and a^D a line parallel to dE. Then, since nearly the same surface 
of the moon is always turned towards the earth (218), that point 
in the surface which is at e when the moon's centre is at a, will be 
at e' or nearly so, when the centre is at a^ Assuming the point 

* ABtronomiiohe Naehriohten, No. 268. This is an excellent aetronomioal pe- 
riodical, oTiginally edited hj the late Profeeeor Schnnaolier, at Altona, and at 
prceent condncted hj Profeaeor Haasea. 

K 
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io be exaody at tf^ it mi»t, during tbe integral, hare moved about 
an axis perpendicular to the plane of the orbit, throi^h the angle 
Ea^D, which is «qaal to aEo' the angular motion in the orbit. 
Henoe, the angular motions about the axis and in the orbit being 
equal, the moon must revolve on her axis in the same time that she 
makes a revolution in her orbit. 

The small changes observed in the position of the spots on the 
disc, are caused by the inequalities of her motion in her orbit, and 
an inclination of her axis ; and not by any inequality in her rota- 
tion. For, assuming the rotation to be uniform, if the moon's 
motion from a to a' is greater than the mean motion, the angle dSko! 
must be greater than that through which a spot at « is carried in 
the same time by the rotation on the axis. Consequently, when 
the moon's centre is at a', the spot must be to the east of Ea^ If, 
on the contrary, the motion from a to a' is less than the mean mo- 
tion, the spot must be to the west of Ea^. An inclination of the 
axis will, evidently, cause the spots to have an alternate north and 
south motion. 

A minute investigation of the subject, founded on successive 
accurate observations of the positions of the spots,, proves that the 
rotation on her axis is uniform., 

216. IneUncaion cfmoen's axk. From the mvestigation men- 
tioned in the preceding article^ it is found that the axis is neariy 
perpendicular to the plane of the ecliptic. The pla^e of die moon's 
equator, that is, the plane through her centre, perpendieular to the 
axis, makes with the plane of the ecliptic, an angle of 1^^ ; and it 
intersects the latter in a line parallel to the line of the nodes. 

217. Moon' 9 libratiom. The alternate east and west motion of 
the moon's spots, produced by the inequalities of her motion in her 
orbit (215), is called the moon's libratum m longitude; and the 
alternate north and south motion, depending on the xncUnation of 
the axis, is called the Itbration in htitude. 

The diurnal motion of the observer, by which his position with 
reference to the radius vector Ea is changed, as from c to (2, pro- 
duces a slight apparent motion in the spots. This is called the 
dimfiMfl or paraOaotic Kbratim. 

In consequence of these librations of the moon, small portions 
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of the mirfkoe to the eadt and west, andako to the north and eonth, 
alternately come into view and disappear. 

218. MoorCi parage over the meridian. The moon's mean daily 
motion in right ascension, which is the same as in longitude, is 
greater than that of the sun by more than 12^. Hence, if on any 
given day, we suppose the moon to be on the meridian at the same 
instant with the sun, she will, at the end of 24 hours, when the 
sun has again returned to the meridian, be more than 12° to the 
east, and will not, therefore, arrive at the meridian till nearly an 
hour later. On the next day she would arrive at the meridian 
nearly two hours later than the sun. Thus, her passage off the 
meridian is retarded from day to day. The mean retardation is 
about 52 minutes. 

In oonsequence of the inequalities in the moon's motion in right 
ascension, depending in part on the inequalities of her motion in 
her orbit, but more on the inclination of the orbit to the equator, 
the daily retardation in her passage over the meridian is subject 
to considerable variation. It varies from about 88 to 66 minutes. 

219. To find the time of the moon'e paewffe over the meridian 
«fi a given day. 

Let A and A' be the right aseension of the moon and sun re- 
spectively, at noon of the given day, expressed in time, and reduced 
to seconds, m and m' their hourly variations in right ascension, 
ako, in seconds of time, and let t be the required time of her passage 
4mx the meridian, in hours. Then, at the time ^ we have the 
moon's right ascension ^ A + tm^ and the flvn's » A' + tmf. 
fience, as the moon is on the meri£ain at the tiine t, If the latter 
light ascension be subtracted from the form^, the remainder will 
be the time^ in seconds; or, being divided by 86d0, it wffl be the 
time t in hours. CoBsequesitly, 

A + ew - (A^ + emQ 
^"^ 3600 '' 

or, 8600e « A - A' + (m - mO t. 

„ A-A' 

^''^^^ *"8600-(m-mO' 

The time of the moon's passage over the meridian of Greenwich, 
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and earth; and an eclipse of the moon at every foil moon, as the 
earth would then be directly between the son and moon. Bat as 
the orbit is inclined to the ecliptic, an eclipse can only occur when 
the moon, at the time of new and full moon, is at, or near one of 
its nodes. In other cases the moon is too far north or south of the 
ediptic, to cause an eclipse of the sun or to be itself eclipsed. 

B0LIP8B8 OF THB MOON. 

228. Earth' % shadow and penumbra. The magnitude of the sun 
being far greater than that of the earth, and both being globular 
bodies, the shadow of the earth must evidently be of a conical 
form. Let AB and A^, Fig. 87, be sections of the sun and earth 
by a plane passing through their centres S and E ; and let AC 
and BC, and also, AH and BE, be tangents common to the two 
sections. Then will gCh be a section of the earth's conical 
shadow or unUnraf as it is frequently called, and EC will be the 
axis of the shadow. If the plane GEAE, be supposed to revolve 
round the axis EC, the tangent KK will describe the convex sur- 
face of the frustum of a cone, within the whole of which, the light 
of the sun must be more or less obstructed by the earth. That 
part of the frustum, which is included between the umbra and 
convex surface, that is, the part of which H^CAE is a section, is 
called the earth's penumbra. 

224. Beginning or end of an eclipse of the moon. An eclipse 
of the moon is regarded as beginmng or ending at the instant her 
edge touches the earth's shadow. Thus, if mn be a part of the 
moon's orbit, the eclipse begins when the moon is at a, and ends 
when she is at e. Prior, however, to the beginmng of an eclipse, 
while the moon is passing from the edge of the penumbra to the 
edge of the shadow, she must evidently suffer a gradual but in- 
creasing diminution of her light. This circumstance renders it 
difficult, if not impracticable, to observe with accuracy the instant 
at which the eclipse begins. On account of the gradual increase 
of ike moon's light in passing from the shadow, the same difficulty 
occurs at the end. 

Sometimes the moon, at full moon, though too fSur north or south 
of the ecliptic to come in contact with the shadow, may still be 
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When the moon is first entirely in the shadow, or when she 
hegins to emerge from it, her angular distance from the centre of 
the diadow will evidently be, S — «. 

(kr. When at, or near, the time of full moon, the moon's angular 
distance from the centre of the shadow does not become less than 
S + ^, there evidently cannot be an ecli{)se ; and whm it does 
become less, there must be an edipse* , 

229. lAinar ecliptic limits. Referring the points and orbit to 
the celestial sphere, let </ Fig, 84, be the place of the centre of the 
earth's shadow in the ecliptic, and M' the place of the moon's cen- 
tre in her orbit NF, when the angular distance i/M' is perpendicular 
to the orbit and is equal to S + ^. Then it is evident, that, ac- 
cording as iSie distance of the centre of the shadow from the node 
N, or of the sun from the opposite node, is greater or less than 
N(/, the least distance of the centres of the mo<m and shadow must 
be greater or less i^an 8 + <« Hence^ it foHows (228 Oar.)^ thai 
there can never be an eclipse of ike moon when the distance of the 
sun from the nearest node is greater than the greatest value of 
N</, and that there must always be ene when this distance is less 
than the least value of Nc'. The greatest and least values of N</ 
are, th^efore, called the lunar eelq>tie Uiidts., Similar quantities 
for eclipses of the sun are called solar etldptie limits. 

Now, it is known, both from observations and from investigations 
in physicid astronomy, that at the time of the syzygies the inclina- 
tion of the moon's orbit has always nearly its greatest value of 
go 27/, Taking, therefore, this value of c'^W and the greatest 
and least value of S + «, which, including the correction of S, are 
about 68' 17" and 58' 8", the right angled spherical triangle c'M'N 
gives for the greatest value of Nc^ or the greater limit 11° 32', and 
for the less limit 9^ 40'. 

Taking into view the inequalities in the motions of the sun, moon 
and nodes, other limits corresponding to the mean motions, have 
been obtained. These are very convenient in determining when 
eclipses of the moon may or must occur. According to Delambre, 
if at the time of mean full moon, the mean longitude of the sun 
differs more than 12° 86' from that of the nearest node, there 
cannot be an eclipse ; but if it differs less than 9°, there must be 
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an eclipse. These are, therefore, the Iniuur ecliptic limits for 
mean motions. ^ 

Now, by means of tables of the mean places and motions of the 
sun, moon and nodes, it is easy to find the time of mean fall moon 
for any.giyen month, and the mean longitude of the snn and node 
at that time. If the difference of these longitudes is greater than 
the greater ecliptic limit for mean motions, there cannot be an 
eclipse at that full moon; if it is less than the less Iimit> there 
most be one. When the difference falls between the limits, farther 
computation is necessary to determine whether there will or will 
not be an eclipse. In this research it will not be necessary to 
make computations for all the full moons in the year, for it will at 
once be seen by the tables at what periods in the year the sun is 
near to either of the nodes, and it is only at these periods that 
eclipses can occur. 

230. Different hinds of lunar eclipses. When the moon just 
touches the earth's shadow or passes through the penumbra with- 
out entering the shadow, the circumstance is called an appulse. 
When a part, but not the whole, of the moon- enters the shadow, 
the eclipse is called a partial eclipse; when the moon enters en* 
tirely into the shadow, it is called a total eclipse ; and when the 
moon's centre passes through the centre of the shadow, it is called 
a central eclipse. A central eclipse of the moon seldom, howeyer, 
if ever, occurs. 

It follows from a preceding artide (227), that the moon does 
not in general entirely disappear eren in total eclipses. 

231. Visibility of a lunar eclipse. As in an eclipse of the moon 
there is a real loss of light at the moon, the eclipse must be visible, 
and present the same appearance at all places that have the moon 
aboTO the horizon, during its continuance. 

S0LIP6BS 07 THB SUlf . 

282. Length of the moon's shadow. The length of the moon's 
shadow is about equal to the distance of the moon from the earth ; 
being,, alternately, a little greater and a little less. 

Suppose the moon, at new moon, to be at one of her nodes. 
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Her eentre will then be in the plane of the ecliptic, and in Ae 
straight line passing throngh the centres of the sun and earth. Let 
AB, hg and DG, Fig. 88, be sections of the son, moon and earth, 
by a plane passing through their centres S, M, and E. Also, let 
AC and BC, and AH and BE be tangents common to the sections 
of tiie earth and moon, and, therefore, limiting the sections of the 
shadow and penumbra. 

Put d «> ang. ACM » moon's app. semi-diam. as seen from C, 

d'^ " ASM- « « " " S, 

<i"- " AAS - sun's " " " M, 

B SB E(; — earth's radius ; and let k, k', &c. be as in Art. 225. 

Then, since the parallaxes of bodies, and the apparent semi- 

diameters of the same body, seen at different distances, are in- 

Tersely as the distances (98 Oor. and 97), we have, 

Hifi'i : SE : ME, 

or, ,c - k' : ic : : SM : SE : : «' : d" - -^^^ (A) 

and,K — fc': k' : : SM : ME : : a : d' f— ; (B) 

ft "*" ft 

Also, <i : a : : ME : MC - ME ^ (C) 

Now, since ACM - AAS — ASM, or <i - d'^ — d', we have, 

d — 7 — — a' + h' J (D) 

ft --^ ft^ H'-^ft' ^ ' 

By taking the greatest value of a' and least of a, and the cor- 
responding values of h and ft' (100, 95 and 96), the greatest nu- 

a' — a 
merical value of ft'. j will be obtamed, and will be found to be 

less than three tenths of a second. Consequently d is always very 
nearly equal to a'. We have therefore (C), 

MC — ME.-7, very nearly. 

Hence the length of the shadow is greater than the moon's dis- 
tance from the earth, equal to it, or less, according as a is greater 
than a', equal to it or less. 

Car. Since (C), MC — ME. -i, we have, 

a 



Digitized by VjOOQIC 



130 A8TB0H0MT. 

EC - MC - ME = ME.il^. 

a 

But, 3-i-a ___.^__, 

and (98.E), ME » B-^« 

Hence, J!C-R.4- ^-^, (E) 

Taking the mean values of d, h\ k, and k', and regarding d as 
equal to h\ we find EC » — 0.86R. Hence, when the sun and 
moon are at their mean distances from the earth, the moon's sha- 
dow extends a little farther than the nearest part of the earth's 
surface. By taking the proper values of the quantities, it will be 
found that the shadow, when longest, extends beyond the earth's 
centre about three and a half times the earth's radius, and* when 
shortest, does not reach the centre, by about ux times the earth's 
radius. 

233. Breadth of the moon's shadow at the earth. The greatest 
breadth of the moon's shadow at the earth, when it falls perpen- 
dicularly on the surface, is about 16j6 miles. 

In the triangle ECo, we have, 

£a : EC : : sin. d : sin. EoC, 

or,(282E),R:E.4. ^-Ili! : : £ ; «n. EoC - ^-^II^!. 

Now the breadth of the shadow will evidently be greatest when 
the moon's distance from the earth is least, and the sun's distance, 
is greatest. Hence, taking the greatest value of d and least of 6\ 
and the corresponding values of h and ft^ we find, 

. „ ^ 60.45 

This gives the angle EaC — 56' 28". Adding rf or «' =» 15' 46", 
to EaC, we have dEe or the arc oc = 1^ 12' 18". Hence, oJ = 2^ 
24' 26" » 2^407; and as each degree is 69} miles (71), the 
breaddi of the shadow is 166 mUes. 

When the moon is at some distance from the node, the shadow 
falls obliquely on the earth, and its greatest breadth will evidently 
be increased. 
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the moon's shadow does not extend to the earth. In iins case, the 
tangents AC and BC| which limit the shadow, being prodoced, 
cross each other at C and meet the section of the earth at a and i. 
From Cj or any other point between a and i, let tangents to the 
moon be drawn, as ee and cf. Then it is obvioas, that the part of 
the son's disc that is without the circle €f, described about the 
diameter efj will be visible to an observer at e. 

The greatest breadth of the part of the surface in which the 
eclipse is annular may be found in a similar manner to that of the 
shadow (288). It is about 200 miles. 

236. Vmlnlity of an eclip$$ of the tun. As the moon moves in 
her orbit from m to n, Fig. 88, her penumbra and its axis move 
over the earth's surface from west to east, passing in succession 
over different parts. At all places along the line in which the axis 
meets the surface, there must be a central eclipse. At all places con- 
tiguous to this line, on each side, there must be a total or an annular 
eclipse. And at places more remote from the central line, but 
within the limits of the penumbra, there will be a partial eclipse. 

As the greatest breadth of the penumbra is less than half the 
semi-circumference of the earth, it is evident there must be a large 
part of the earth's enlightened hemisphere in which the eclipse is 
not visible, even when the extent of the penumbra is greatest. 

When the moon is so far from the node at the time of new moon 
that the axis of the penumbra does not meet the earth, the eclipse 
cannot be central at any place; and the partial eclipse is only 
visible in a portion of the northern or southern hemisphere, ac- 
cording as the moon's latitude is north or south. 

It follows from the above and a preceding article (231), that the 
visibility of an eclipse of the sun is of much less extent than that 
of an eclipse of the moon. 

287. General eclipee of the $un. An eclipse of the sun, con- 
sidered with reference to the whole earth and not to any particular 
place, is called the general eelipee. 

The general eclipse commences at the first contact of the moon's 
penumbra with the earth, and ^nds at the last contact. Thus, Fig. 
40, the general eclipse begins when the moon is at u, and ends 
when she is at v. 
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288. Apparent iutanee of the centres of the sun and moon at the 
beginning or end of the general eclipse. The angular distance of 
the centres of the son and moon at the beginning or end of a 
general eclipse is equal to the sum obtained by adding the sum of 
the apparent semi-diameters of the sun and moon to the difference 
of their horizontal parallaxes. 

For, Fig. 40, the apparent distance SEw — AE^ + AES + g^u. 
But AE^ — E^D — E AD 'mn-^H^ AES — «', and g^u — «. Hence, 
apparent distance, SEu ■- k — ><' + «' + 5. 

The apparent distance of the centres of the sun and moon, when 
the eclipse begins to be central for the earth in general, is equal to 
the difference of the horizontal parallaxes of the moon and sun. 

For, the central eclipse must begin when the moon's centre is at 
z, in the line SD drawn from the sun's centre and tangent to the 
earth. Hence, 

apparent distance^ SEz — ExD — ESD ^ft-^ft'. 

239. Solar ecliptic limits. Taking the apparent distance of the 
moon from the sun at the beginning or end of a solar eclipse for 
the earth in general, found in the last article, the solar ecliptic limits 
may be found in the same manner as the hmar (229). They are 
17^ 21' and 15^ 26'. 

According to Delambre, the solar ediptic limits for mean motions 
are 19^ 2' and 18^ 14'. 

240. Vimhle eclipses of sun and moon. As the solar ecliptic 
limits exceed the lunar, eclipses of the sun occur more frequently 
than those of the moon. But, as the portion of the earth in which 
an eclipse of the sun is visible is much less than that in which an 
eclipse of the moon is visible, there are, for any given place, more 
visible eclipses of the moon than of the sun. 

241. Number of eclipses th a year. There may be seven eclipses 
in a year, and cannot be less llian two. When there are seven, 
five of them are of the sun and two of the moon ; when there are 
but two, they are both of the sun. 

Jttustratian. During a synodic revolution of the moon, the sun's 
mean motion in longitude is 29^ 6', and in this time the moon's 
nodes move backwards 1^ 81'. Hence the moon's motion with 
reference to either of the nodes in one lunation is 80^ 87', and 
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of the Sim at the new moon prior to the aim's passage of eilber 
Bode^ theire rnopt be oae at the siibseqiieiit new moon. As, there* 
fore, tiiere moat be m eclipse of the sim near the time of hifl 
passage of eaoh nods, there mast be at least two ia the year* 

242. Period ofedipses. At the expiration of a period of 22? 
lunations, or a few days more than 18 years, eclipses both of the 
sun and moon return again in nearly the same order as during that 
period. 

Ittugtration. A mean lunation or ffTnodic revolution of the moon 
is 29.5306 days, and consequdently 223 lunations in 6585.82 dayi^ 
Now, the mean period in which the smn moves from one of the 
moon's nodes, to the same,, is 346.62 days, very nearly, and Gon*« 
sequently 19 of these pe^ods ia 6585.78 days* Hence at whateveK; 
distance the sun is from either of the nodes at any given new or 
full moon, he must at the end of 223 lunations be very nearly at 
the same distance from the same node* It, therefore, follows that 
after a period of 6585.32 days,* eclipses must occur again in Uxe 
same order, or nearly so, as during that p^iod. 

This period was known to the Chaldean astronomers. It was by 
them called this Saro$^ and was used in predicting ecl^Mes. 

243. Total and annular edipses of the $un. Although a large 
proportion of the eclipses of the sun are total, or annular, some- 
where, on the earth, yet, for any given place, a total or annular 
e(£pee is a jAenomenon of rare occurrence. 

That this must be the case may be inferred from the consideration 
that the tract across the earth's enlightened surface, in which an 
eclipse can be total or annular, is when widest, of but little breadth 
(233 and 235), and that a diffevent latitude of the moon, at the 
time of the eclipse, must, give a. different tract. 

The longest possible time that an eclipse of the sun can continue 
total, at any place, does not exceed 8^ minutes ; and the longesi 
time that an eclipse can continue annular, does not exoeed 12 
minutes. In general, the times are much less than thflise. 



• More Menratelj 6686.8212S dajs ; idiioh U 18 jfn, 11 0. 7h. 42 a. 89 mo. 
wlicn there are fonr Biasextile jean In the period, or 18 j. lO.d^ 71u iHm^ 894m» 
when there are fire. 
l2 
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A total edipse of the son, especially when it occurs in a clear 
day and has several minutes duration, is a very interesting and 
tmpresfflbre phenomenon. It is accompanied by a considerable re- 
duction of the temperature of the air ; and the obscurity is such 
that the principal stars and more conspicuous planets, above the 
horizon, become distinctly visible. 

COMPUTATION OF LUNAR ECLIPSES. 

244. Cfeneral Memarks, The apparent distance of the centre 
of the earth's shadow and moon, and the arcs of the ecliptic and 
moon's orbit passed through by these during an eclipse, being ne- 
cessarily small, they may without material error be regarded as 
straight lines. We may, also, regard the motion of the centre of 
the shadow in longitude, and the motions of the moon in longitude 
and latitude, as being uniform during the continuance of the eclipse. 

Some of the quantities used in several of the subsequent articles 
will be designated as follows : 

T » the time of the moon's opposition or of full moon, expressed 
in mean time, 

t « any small interval of time, not exceeding two or three hours, 

q «- moon's latitude at the time of full moon, 

p' » moon's hourly motion in longitude le$9 sun's do., 

^ a moon's hourly motion in latitude, 

A » S + ^ » moon's distance from the centre of the earth's 
shadow at the beginning or end of an eclipse, 

A' "- S — ^ » the distance at the time the eclipse begins or 
ceases to be total. 

245. Time of full moori^ ^e. By means of a small set of tables, 
an approximate time of any full moon, that will not differ more 
than a few minutes from the true time, may very easily be found.* 
For this time, by means of solar and lunar tables, let the sun's 
longitude, hourly motion, apparent semi-diameter and horizontal, 
parallax, and the moon's longitude, latitude, hourly motions in 

* A 8«t of tables of this kind, for finding the spprozimftte time of new or fill 
moon, adapted to the meridian at Oreenwioh, is indoded in the tables at the end 
of this work. 
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more conyem^ot to regard the centre of the shadow aa fixed at C, 
and to use the moon's relatiye motion in reference to this centre. 
Draw, therefore, M^m parallel and eq/oal to G^G. Then, will mC 
be parallel and equal to M^G^ Henoe, m is the moon's relative 
place at the time T + ^ in reference to G,. the fixed position of 
the centre. 

As CG' is the motion of the c^tre of the shadow during the 
interval t, it must> evidentiy, be equal to the i^parent motion of 
the sun during the same time. LetM'D and ^ be drawn parallel 
to MG, and ME parallel to AB. Then £e » Wm » GG^ Gon- 
sequently, Ee is equal to the sun's motion during the interval t; 
also ME is the moon's motion ia longitude, and em « EM', is her 
motion in latitude during the same time. Hence^ Me, the moon's 
rdative motion in longitude during the interval tj is. equal to the 
difference between her motion in longitude and that of the sun,, 
and em, her relative motion in latitude^ is equal to her real motion 
in latitude. 

Let t' be a different interval of time, and let m^ be the moon's 
relative place at the end of this interval. Then, since the motions 
are regarded as uniform (244), Me' : Me : : t' : ^ and e^m' : em 
i:f:tf or, Me' : Me : : e^m' : em» Hence, m' must be in the 
straigU^ line PQ, drawn through M and m. As, therefore, the 
moon's relative place moves along the line PQ, this line is caUed 
the moon's relative or&A. 

247. IneUnatian of moen'e rdatwe orbit* Put I ■■ the angle 
eMm » the inclination of the moon's relative (nrbit. Then, exp 
pressing the interval t in the last article in hours and decimal 
parts, we have, 

Me ■■ tf^j and em^tq^. 

Hence, tangI-£-^, 



or. 



tang I -^. 



248. Moon^e hmrly motion in her relative orbit. Let n » moon's 
hourly motion in her relative orbit. Then, we have, 
Mm » tn^ and Me ■• Mm cos I «> tn cos L 
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B«t (S47X Ma » Q^* Hence, <» cos I » ^^ or. 



249. 2Cm€ </ e^le m»cM2e 0/ eAe €eUp$$. Let AB, 1^- ^^ ^ 
tke ecliptic, PQ the moon's relatiye orbit, and C and M the 
places of the centres of the earth's shadow and moon at the 
time of opposition or foH moon. Also, let the oirole KeLoj de- 
acribed about the cmtre with a radios tqnal to 8 (226 Sokol% 
represent the section of the earth's shadow, at die moon. With 
the same centre and a radius equd to (S + <) or A, let ares be 
described, catting the relative orbit in D and E ; and let ON be 
perpendicular to the orbit PQ, cntting it in H. Then, will D and 
E be the moon's places at the beginning and end c^ the eclipse. 
Hence, as CH evidently bisects DE, and as the mo<m's motion is 
regarded as oniform during the eclipse, the point H must be the 
moon's place at the middle of the eclipse. 

Let T' » the time of the middle of the eclipse, and t » the in- 
terval between T' and T, the time of full moon. 

Then, MH «■ tn. But, since OM is perpendicular to AB, and 
CH is perpendicular to PQ, the angle MOH is equal to the incli- 
nation of the relative orbit. Hence, from the right angled triangle 
GHM, we have MH » CM sin MCH ■> g sin L Consequently, 

^ . y . qsial . 

tH'^qnml.oTt^ * . * 

Hence, as T' — T + «, we have, 

T/-T + ?«5i. 

n 

The itpper sign nrast be used when die latitude is tncTMM^ 
and the lower when it iB^decrearing. 

250. Beginning and end nf the eelipee. From the triangle 
GHM, we have, CH » CM eoe MCH — q cos L Put, 

B s» the time ol the beginning of the eclipse, 
E » the time of die mif 

t » the interval between the middle and beginning or end. 
Then we have, HD » tn ; and from the right angled triangle CHD, 

17 
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we have HD - v/ CD» - CH» - v^ (CD + CH). (CD - OH) 
\/ (A +q cos I). (A — J cos I). Hence, 



en «=» \/ (A + g cos I). (A — g cos I) 
. ^ ]/ (A + j^ cos I). (A — g COB I) 
' n 

Therefore, B » T' — e, and E = T' + t, become known. 

251. Times at which the eelipu hegine and ceaeee to he total. 
With the centre and a radius equal to S — «, or A', let arcs be 
described cutting the relative orbit in F and G. Then, will F and 
G be the moon's places at the beginning and end of the total 
eclipse. Put, 

B' «B the time the total eclipse begins, 

E' B the time it ends, 
tnthe interval between either of these and the time of the 
middle. 

Then, we evidently have,' 

<«= t / (A^ + g cos I). (A^ — q cos t) 
n 
B'-T'-f,andE'-T' + e. 
When h' is less than OH or q cos I, the eclipse cannot be total. 

252. Quantity of the eclipse. The quantity of an eclipse, either 
of the sun or moon, is usually expressed in twelfths of the diameter, 
which are called Digits. In a total eclipse of the moon, the 
quantity of the eclipse is denoted by the number of digits con- 
tained in the distance between the inner edge of the moon and the 
nearest opposite edge of the shadow. Thus, in the eclipse repre- 
sented in the figure, the number of digits contained in LN ex- 
presses the quantity of the eclipse. Let Q » the quantity of the 
eclipse. Then, 

LR : LN : : 12 : Q, 

or, 2 a : LN : : 12 : Q - ^. 



But LN - HN + HL - CN - CH + HL - CN + HL - 
CH "•S + »~yoo8l-«A — gooel. Hence, 
f. 6. (A — ff 008 I) 
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OOMPUTATIOK OF SOLAR ECLIPSES. 

258. Time of New Moan. The approximate time of new moon 
being found, and also the sun's and moon's longitudes, &c., at that 
time (245), the difference between the longitudes will be the moon's 
distance firom conjunction. Whence, by means of the hourly mo- 
tions in longitude, the true time of new moon may be obtained. 

264. Qeneral Helipee. Taking A » ^ - k' + «' + «, (288), 
the times of the middle, beginning, and end of an eclipse of the 
sun, for the earth in general, may be found in the same manner as 
those of a lunar eclipse. 

255. JEclipsefor a given place. Although the calculation of an 
eclipse of the sun for the earth in general, is equally simple with 
that of a Ixmar eclipse, it is quite different when the computation 
is to be made for a given place. This is much more difficult and 
tedious. For, the circumstances of the eclipse at a given place 
depend on the apparent relative positions of the sun and moon, 
that is, on their relative positions as seen at the given place. It 
therefore becomes necessary to take notice of the effect of parallax 
in changing the apparent relative positions of the bodies. Referring 
to the appendix for a more full and minute investigation of the 
subject, we shall here only give a general view of a method by 
which the computation for a given place may be made. 

As the sun's paridlax is very small, and it is only the apparent 
relative places of the sun and moon that are required, we may, with- 
out material error, refer the whole effect of parallax to the moon ; 
that is, we may regard the sun's true place as being his apparent 
place, and then, in computing the moon's apparent place, use 9(— m', 
the difference of the moon's and sun's horizontal parallaxes, in- 
stead of K, the moon's parallax. 

Let T be time of the whole hour next preceding the approxi- 
mate time of new moon, and for the time T, let the quantities 
mentioned in Article 245, be computed ; and by means of the 
hourly motions, let the sun's longitude and the moon's longitude 
and latitude be found for the time T + Ihr. Then, using *< — ft! 
instead of ^, let the moon's parallaxes in longitude and latitude 
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be computed for the times, T and T + Ihr, and, thence, let her 
apparent longitudes and Utitudes for these times be found. The 
difference between the moon's apparent longitude, at the times, 
T wd T + Ihr., will be her apparent hourly motion in longitude, 
and the differei^oe between this and the sun's hourly motion will 
be the moon's i^parent hourly motion relattre to the sun^ which 
m»ij be called j/. The difference between the moon's ^)parent 
latitude, a(t the timesy T and T + Ihr., will be q\ the moon's ap- 
parent hourly motion in latitude. The difference between the sun's 
longitude at the time T, and the moon's apparent lon^tude at the 
tame time, will be the moon's distance from apparent conjunction, 
«t that time. Whence, from the value of j/^ the time of apparent 
conjunction may be found. The time, thus obtained, will howerer 
only be an approximate time, for the moon's apparent motions are 
not uniform. Let, now, the moon's apparent longitude and latitude 
be computed for the approximate time of the apparent conjunction, 
and the moon's distance from apparent conjunction at this time be 
found. TbjB distance will, now, be very small. Hence, we may, 
by means otp' and ;', find the true time of apparent conjunction, 
and the moon's apparent latitude q^ at that time, very nearly. 
Also, with j/ and q\ we may, by Art. £47, find I, the inclination 
of the moon's apparent relative orbit. 

Let AB, Fiff. 48, be the ecliptic, and PQ the moon's apparent 
relative orbit. Then, SM being drawn perpendicular to AB and 
equal to 9, the moon's apparent latitude at the time of apparent 
conjunction, S and M will be the place of the sun's and moon's 
centres, at that time. With the centre S and a radius equal to 6\ 
the sun's semi-diameter, let the circle ab be described to represent 
the sun's disc. Let SD and SE be each equal to 5' + a, the sum 
of the semi-diameters, of the sun and moon. Then will D and E 
be the moon's place, at the beginning and end of the eclipse. 
Hence, taking A » a' -f ^, the times of middle, beginning, and end, 
and the quantity of the eclipse, may be found, in exactly the same 
manner, as for an eclipse of the moon, except that, in finding the 
quantity, a' must be used in the denominator of the fraction instead 
of«. 

But, as the moon's apparent motions in longitude and latitude 
are not uniform, the times of beginning and end, thus found, are 
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onlyiipproximate times, &nd may differ some minutes from the trad 
times. Let, therefore, the moon's apparent longitude and latitude 
be computed for the approximate time of beginning. We then, 
easily, obtain the average values of the moon's apparent hourly 
motions in longitude and latitude, between this time and the 
time of the middle of the eclipse. The latter hourly motion 
will be the average value of ^, and the difference between the 
former and the sun's hourly motion, will be the average value of 
f'. Also, let the moon's augmented semi-diameter (97) be found 
for the approximate time of beginning,* and take h » the sum of 
S' and this augmented semi-diameter. Then, using the values of 
ffj ^ and A, let the time of beginning be again computed. This 
time will be very nearly the trae time. If still greater accuracy 
is desired, it may be obtained by another repetition of the compu- 
tation. In a similar manner, the trae time of the end of the eclipse 
may be found. 

OOOULTATIONS. 

256. Di^nitian. When the moon passes between the earth and 
a star or planet, she must, during the passage, render the body in- 
visible to some parts of the earth. This phenomenon is called an 
oeeuUatum of the star or planet. 

257. JSztent ofviMUity qf an oceuKatioH of a fixed Har. The 
breadth of the portion of the earth's Surface, in which an occultar 
tion of a star is visible, is much less than that for an eclipse of the 
Sun. It is about 2150 miles. 

Let E, Fig. 44, be the earth's centre, and IRi the direction of the 
star ; and, supposing the moon to pass directly between the star 
and centre of the earth, let M be the place of heir centre when in 
that position. As the star has no sensible parallax, lines, as Aa 
and B6, drawn from it and tangents to the moon, will be parallel 
to «E. Hence, in the portion of the surface whose breadth ab is 
limited by these parallel lines, the occultation must be visible. 



* A foramla for this purpose is always ^Ten with the formnlso for compating 
the paraUaxes. 

M 
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Now, as Aa is parallel to ME, tho angle aME » Mah = 5, the 

moon's semi-diameter, nearly. We, also, have (93 E), ME 

Ea 



sin^ 



Hence, from the triangle MEa, we have. 



Ea : -^ : : sin « : sin MaE =^. But (99), iHLi^ .2780. 
sin 9t sin ft sin h 

Therefore, the angle MaE = 164° 9'. Whence, taking aME 
■= « = 16', we obtain MEa = o^? = 15° 35' ; and for the length 
of oJ, 2150 miles, nearly. 

As the moon moves in her orbit from u towards n, the occultation 
will be visible in succession to diflFerent portions of the earth, lying 
in a direction, nearly, from west to east ; the common breadth of 
the whole not differing greatly from that obtained above, except 
when the moon passes considerably north or south of the star. 

The parallaxes and apparent diameters of all the planets are 
small. The extent of visibility of an occultation of any one of 
them will not, therefore, differ much from that of an occultation 
of a fixed star. 

258. Distance of moon* % centre from the stary at the beginning or 
end of an occultation for the earth in general. This distance is 
equal to the sum of the moon's horizontal parallax and semi- 
diameter. 

Let OD, a tangent to the earth, be parallel to «E. Then the 
occultation must commence for the earth, in general, when the 
moon's edge comes to this line. Hence, the distance «Eu » %Eg 
+ glS^u « E^D + ^Ett WMH + h. 

The greatest value of »( + ^ is 78' 20''.5. Hence, when the 
moon's least distance from the star exceeds this quantity, there 
cannot be an occultation at any place on the earth. 

From the greatest and least values oin + h^ and by taking into 
view the inequalities in the moon's motion, it has been found, that, 
when at the time of the moon's mean conjunction with a star, the 
difference between the mean latitude of the moon and that of the 
star is 1° 37', there cannot be an occultation ; but when the dif- 
ference is less than 51', there must be one. Between these limits 
there is a doubt, which can only be reipoved by computing the true 
place of the moon. 
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2S8. Stam that may wffef an oectUtatian. As the sum of the 
moon's greatest latitude (198), and the greatest distance of the 
moon from a star, when an ocoultation can take plaoe, is about 6^ 
86', it follows that no star whose latitude is greater than this, can 
suffer an occultation, and that all those whose latitudes are a little 
lees may be occulted. 

260. Computation of an occuUation for a given place. The 
computation of an occultation for a given place, either of a star or 
planet, differs but little from that of a solar eclipse. The star or 
planet takes the place of the sun. In the case of a star, it is to 
be obseryed that the star has no sensible parallax, apparent semi- 
diameter, or hourly motion. In the case of a planet, the moon's 
apparent relative hourly motion in latitude depends on the hourly 
motions in latitude of both the moon and planet. In making the 
computation, the difference between the latitude of the moon and 
star or planet, at the time of apparent conjunction, is used instead 
of the moon's latitude. Consequently, the arc AB, Fig. 43, which, 
in an eclipse of the sun, represents an arc of the ecliptic, in the 
case of an occultation, represents an arc passing through the star 
or planet, and parallel to the ecliptic. As the distance on this arc 
between two circles of latitude is less than on the ecliptic, the ap- 
parent distance of the moon in longitude from the star or planet, 
and the moon's apparent relative motion in longitude require small 
reductions. These are made by multiplying each, by the cosine 
of the latitude of the star or planet. 

Instead of Longitudes and Latitudes, Right Ascensions and 
Declinations may be used in the calculation both of eclipses and 
occultations.* 

261. Irradiation and Inflexion. Some astronomers have thought 
that the apparent diameter of the sun as obtained from observa- 
tion, and given in the tables, is too great. This has been inferred 
from a comparison of the observed time of the beginning or end 
of a solar eclipse at a known meridian, with the time obtained by 
computation, after making allowances for the errors of the tables 



* For tlM inTMtigation of formnUo for oompating eolipsM and oocoltatioiiii ••• 
the Appendix. 
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Bi otW respects. To acoonnt for it, they hare supposed thut the 
apparent diameter of the sun is amplified by the rery lively im- 
pressions so Imninons an object makes on tbe organ of ri^t. This 
amplification is called irradiatum. They hare i^o siq;>poeed that 
the moon has im atmosphere which, by its action on the rays of 
light passing through it, inflects them, and produces an effect such 
as would be produced by a small diminution in the moon's semi- 
diameter. This is called the inflexion of the moon. Du S^jour, 
an astronomer of note of the last century, concluded, that in cal- 
culating solar eclipses, the sun's semi-diameter, as given in the 
tables, should be diminished 8^'' for irradiation, and the moon's 2"^ 
for inflexion. 

The subject of irradiation and inflexion is, however, involved in 
considerable uncertainty, and several eminent astronomers have 
doubted the existence of either. 

262. Soholium. Eclipses of the sun and oooultatioBS are not 
only interesting phenomena, but when carefully observed, they are, 
also, practically usefuL When observed at plaoes whose latitudes 
and longitudes are truly known, they furnish means for detecting 
errors in the tables used in computing the places, parallaxes, and 
apparent diameters of the bodies. For, the difference between the 
observed and computed times must depend on these errors. When 
observed at places whose longitudes are not well known, they fbr- 
nish the means of determining them more accurately. Their 
application for this latter purpose will be noticed in a subsequent 
chapter. 
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CHAPTER XIV. 

eBKSBAL BBMABKS OK THB PLANBT8. — ^DEFINITIOKS. — ^BLBMBNTS 
OF THB 0BBIT8 OF THB PLAKBT8.— CONVBBSIOK OF THB 
HBLIOOBKTBIO PLAOB OF A PLANBT INTO ITS OBOOBKTBIO 
PI.ACB. — BBTBOORADB MOTIONS OF THB PLANBTS. — BBAIr 
BISTANOB, BTO. OF THB PLANBTS. 

' 268. O^eturdl remarks. Eaoh of the plaaetB, like the moon, is 
ibond to be, during about half its period, on one side of the ecliptic, 
and, during the otilier half^ on the other side. Hence, we may infer 
that their orbits are all dirided by the plane of the ediptie in nearly 
equal parts. But the apparent motions of the planets differ essen- 
tially in one reqMCt from that of the moon. The apparent motion 
of the latter is olirayf ddrect^ or from west to east ; but the appa> 
rent motion of each planet, ivamgdk part of its period^ is retrograde^ 
or from east to west. When the motion is changing from direct to 
retrograde, or the contrary, the planet remains eUxtionartf^ or nearly 
so, for some days. This difference between the motions of the 
moon and planets, is a consequence of their different centres of 
motion. As the latter reyolve round the sun (17), their apparent 
motions must depend both on their own motions and on that of the 
eartL 

BBFINITIONS* 

264. Cfeoeentrie and HeUoeentria Plaeee. The geoeentrie place 
of a bodyis its place as seen from the centre of the earth; and the 
heUoeentrie place, is its place as seen frtmi the centre of the sun. 

266. Curtate dietanee. If a straight line be conceived to be 

drawn from the centre of a planet, perpendicular to the plane of 

die ecliptic, the distance from the point in which it meets this plane 

to the centre of the sun, is called the curtate dietanee of the planet. 

The point itself is called the reduced place of the planet. Thus, 

if PSN, Fig. 46, be the plane of the ecliptic, S the sun's centre, 

NP a part of the orbit of a planet, P the place of the planet at 
u2 18 
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any time, and PP' perpendicular to P'SN, then SP' is the curtate 
distance of the planet at that time, and P' is its reduced place. 

266. Ehngatianj ^c. If a plane triangle be formed by joining 
the reduced place of a planet, the centre of the sun, and centre 
of the earth, the angle at the earth is called the elongation of the 
planet, the angle at the sun is called the commutation^ and the angle 
at the reduced place of the planet is called the anmud parallax. 
Thus, SEP' is the elongation, ESP' the computation, and EP'S the 
annual parallax. "^ 

267. JElements of the orbit of a planet. There are seven dif- 
ferent quantities necessary to be known in order to compute the 
place of a planet for a ^ven time. These are called the element$ 
of the orbit. They are, the longitude of the ascending node ; the 
inclination of the plane of the orbit to that of the ecliptic ; the 
periodic time, or the planet's mean motion ; the mean distance of 
the planet from the sun, or, which is the same, the semi-transverse 
axis of its orbit ; the eccentricity of the orbit ; the longitude of 
the perihelion ; and the time the planet is at the perihelion, or its 
mean longitude at a given time or epoch. 

ELEMENTS OF THE OBBIT. 

268. Longitude of the ascending node. When a planet is at 
either of its nodes, it is in the plane of the ecliptic, and, conse- 
quently, its latitude is then nothing. Let the right ascension and 
declination of the planet be observed on several consecutive days, 
at the period it is passing from the south to the north side of the 
ecliptic, and let its corresponding longitudes and latitudes be com- 
puted (119). From these, the time at which the planet's latitude 
is nothing, and its longitude at that time, may be obtained by pro- 
portion or interpolation. This longitude of the planet will evidently 
be the geocentric longitude of the node. Also, by means of the 
solar tables, let the longitude of the sun and the radius vector of 
the earth be found for the time the planet is at the node. By 
similar observations and computations when the planet returns to 
the node, let the values of the same quantities be again obtained. 
From these data, if we assume the node to remain in the same 
position, its heliocentric longitude may be found* 
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Let S> Fig. 45, be the bud, PQ a part of the orbit of the planet, 
N the node, £ the place of the earth when the planet was found 
to be at the node N, from the first set of observations, and E' its 
place at the time of the planet's return to the node. Also, let 
EY, E'Y, and SY, all parallel to one another, represent the direc- 
tion of the vernal equinox. Then, assuming the mean radius vector 
of the earth to be a unit, put r « SE « earth's radius vector, S » 
YES « sun's longitude, and G «■ YEN ■■ geocentric longitude of 
the node, when the earth is at E ; and let r^, S' and GK represent 
the same quantities when the earth is at E^ Also, put R *« SN 
« radius vector of the planet when at the node N, and N «■ Y8N 
oi the heliocentric longitude of the node. Then, we have, SEN » 
YES - YEN - S - G, and SNE » YAN - YSN - YEN - 
YSN « G — N. From the triangle SEN, we have, 

sin SNE : sin SEN : : r : R, 
or, sin (G - N) : sin (S — G) : : r : R, 
or, r. sin (S - G) - R sin (G - N) (A) 

In like manner we have, 

K sin (S'-GO «R. sin (G'-N) (B) 

Therefore, dividing (A) by (B), we have, 

r.tin(8 — Q) 8m(Q — N) sinQcoa N— cosQeinN rin 0— cos Q tang N 
f'.Bin(8'— G')'*Bin(0'— N)~imCKooeN--ooe6'iinN~imCP — ooaCPtangN' 

Hence, we easily find, 

^ r. sin (S- G) sin G^-r^. sin(S^ ~ GQ sin G 
^^ " r.sin(S-G)cosG'-r'. sinCS'-G'UosG* 

«r , 1 / A V « r. sin (S — G) 
We, also, have (A), R - Bin(<>-N) ' 

The heliocentric longitude of the descending node may be found 
in a similar manner. 

269. Eetrograde motwm of the node$. From observations made 
at distant periods, it is found that the heliocentric longitudes of 
the nodes of all the planets are slowly increasing. The greatest 
increase is about 70' in a century. But, in consequence of the 
retrograde motion of the vernal equinox, the longitude of a fixed 
star increases, during a century, nearly 84^ Hence, as the in- 
crease in the longitude of each node is less than that of a fixed 
star, it follows that the nodes of all the planets have slow retro- 
grade motions. 
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When the motion of the nodes of a planet hae been found from 
observations at distant periods, the slight oonrection necesftarj in 
the longitade of the node, as determined by the last article on the 
assumption that the node did not move, may be easily made. It 
it. is also obvious, that with the longitude of the node found for 
any known time and the motion of the node, the longitude may be 
easily obtained for any other given time. 

270. The plane of a pianette orbiL When the heliocentric 
longitudes of the two nodes of the same orbit are obtained for the 
same instant of time, they are found to di£fer 180^. Hence, it 
follows that the line of the nodes, and, consequently, the plane of 
the orbit, pass through the centre of the sun« 

271. Inclination of the orbit. To determine the inclination of 
the orbit, let the time at which the sun*s longitude is the same as 
the heliocentric longitude of the node be found, by means of the 
solar tables ; and let the longitudes and latitudes of the planet be 
found from its observed right ascension and declination^ for several 
consecutive days, contiguous to this time. From these, its geo- 
centric longitude and latitude at that time become known. 

Let E, Fig. 46, be the earth, S the sun, and N the node, when 
the longitude of the sun and node are the same, and let P be the 
place of the planet in its orbit at that time. Let PP' be perpen- 
dicular to the plane of the ecliptic, meeting it in P' and P^D per- 
pendicular to SK Then will the angle PDP' be the inclination of 
the plane of the orbit. Put E — SEP' — VEP' — VES « geo- 
eentrio longitude of the planet — sun's longitude, x » PEP' » 
geocentric latitude of the planet, and I » PDP' «■ inclination of 
the orbit. Then, 

DP' tMg I — PP' — EP' tang x. 

But, DP' « EP' sin E. 

Hence, EP' sin E tang I « EP' tang K 

- tangx 
or, tang I « . % • 

' ^ BinE 

The orbits of the planets, with one exeeption, hate small buA^ 
nations.' Those of Venus, Mars, Jupiter, Saturn, Uranus^ and 
Neptune, are all less than 4^; that of Mercury is about 7^; that 
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of the ascending node, and the inclination of the orbit of a planet 
are known, and the geocentric longitude and latitude of the planet 
at an J time have been found, from its observed right ascension and 
declination, its heliocentric longitude and latitude, and also, its 
radius vector, at that time, may be obtained by computation. 

Let the sun's longitude and radius vector, at the time, be calcu- 
lated; and referring to Fig. 47, put, 

G « VEp «■ geocentric longitude of planet, 

X » PiJ> » « latitude " 

L «■ VSp «■ heliocentric longitude " 

I « PS;> - " latitude " 

L'=- VES — sun's longitude, 

N » VSN « heliocentric longitude of ascending node, 

I » PDp «B inclination of the orbit, 

E « SEp «■ elong., S « ESp » commut., p « SpE « an. 
parallax. 

D = NSE, X « NSp, 

R a SE » earth's rad. vec, r = SP «» planet's radius vector. 

Then, N + D - VSN + NSE « earth's longitude - L' + 
180^, or D » L' + 180^ - N, and E « VEp - VES - G - 
L', are known. We have also, p « SpE ■=» VSp — VAp = VSp 
- VEp - L - G, S - NSE - NS;? - D - a:, and L « VSN 
+ NSp « N + a;. Now, by trigonometry, we have, Dp =» Sp 
sin Xy and Sp tang 2 » Pp «■ Dp tang I « Sp sin a; tang I, 
or, tang Z « sin a; tang I (E) 

Also, Ep tang x « Pp « Sp tang Z, 
or, tang x : tang Z : : Sp : Ep : : sin E : sin S (F) 

But, since S «■ D — ar, we have, sin S «■ sin (D — a;) » sin D 
cos a; — cos D sin x. Substituting in the proportion (F), the 
values of sin S and tang Z, it becomes, 
tang X : sin a; tang I : : sin E : sin D cos a; — cos D un a;, 
or, sin x tang I sin E » tang x sin D cos a; — tang x cos D sin a?, 
or, tang x tang I sin E » tang x sin D — tang x cos D tang a?. 

rr ^ tang X sin D 

Hence, tang x »■ s .-^ 

tang I sin E + tang x cos D 

Consequently, L ■■ N + a?, becomes known. 

As S » D — a:, is also known when x is known, we may obtain 
I from either (E) or (F), the latter of which gives. 
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* " sinE 
The triangles PpS and EpS, gi?e Sp » SP cob PSp « r cos 2; 
and, sin I? : sin E : : B : Sp, 
or, sin (L — G) : sin E : : B : r cos Z. 

„ BsinE 

Hence, r — — -—-. 

cos Z sin (L — G) 

Let ^^ - NSP, and L" - N + ic' - VSN + NSP - heHo- 
centric orbit longitade of the planet (199). Then DP » SD tang 
a/. Hence, 

SD tang a? — Dp — DP cos I =« SD tang a/ cos I. 

Therefore, 
t«g;^-*!^.or,tang(L''-N)-*??ii^l^ (G) 

cos I COS I 

Consequently, L" ■■ N + a/, becomes known. 

274. L(mgitude of the perihelumy ^e. Assuming the orbit of 
the* planet to be an ellipse, if its heliocentric orbit longitude, and 
its radius vector be found for three different times (273), we may 
thence determine the longitude of the perihelion, the eccentricity, 
and the semi-transverse axis, of the orbit. 

Let PDG, Fig. 48, be the orbit, P the perihelion, and D, E and 
F, the three positions of the planet in its orbit. Then, SD, SE 
and SF are known, and from the longitudes, the angles DSE and 
DSF are also known. Put r = SD, r' - SE, r'' = SF, d «= angle 
DSE, t =» DSF, X « PSD, « «= PC •- semi-transverse axis, and 
e ■=» the eccentricity. Then, oe =« SC (151). Hence (Conic 
Sections), 

^^ PC>-SC> _ (f'-tfi^ 

"* PC + SCcosPSD "a + 06 cos a?' 

«• (1 - «0 /TT\ 

1 + « cos a? 

^ . a.{l-^ (I) 

1 + e COS ( aj + «) 

r''- <^{l-(^) ^ 

1 + 6 cos (a: + t) 
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From (H) and (I), we have^ 

r + r« 008 a? ««/ + /« cos (« + •) 

or, « J"^ . ■■ - m 

r coBx -— r COB (x + 0) 

In like manner, from (H) and (K), we haroy 

e « ^^^^-^^ ,.,.. (M) 

r COS aj — r'' 008 (a: + ♦) 

Put r' — r »■ iw, and r" ^ r ^ n; then from (L) and (M)^ we 
haTO) 

m r cos a? — r^ cos (a? + g) 
♦* r cos a: — r^cos (a: + t) 

rcosa? — r^cosgcosay + r^singsing 
rcoaa?— r"co8tcosa: + r"sint8ina? 
m r — r' cos ^ + r^ sin g tang a? 

» r — r'' cos t + r" sin ♦ tang* 
Hence, we easily find, 

m (r.— 1^ cos t) — n (r — f' cos «) 

tang a? »^ — ^^ — ^ ^ ^ ^. 

nr' sin ^ — mr'^ sin t 

The yalue of x being subtracted from the orbit longitnde of the 
planet in the first position, the remainder must be the orbit longi- 
tude of the perihelion. Then, if L and L'' be the ecliptic and 
orbit longitudes of the perihelion, we haye (273 O), 
tang (L — N) — tang (L" — N) cos I. 

Whence, L, the heliocentric ecliptic longitude of the perihelioui 
becomes known. 

The value of ^ the eccentricity, may be found from either of the 
expressions (L) and (M), and a, the semi-transyerse axis, fit>m (H), 
(I),or(K). 

8chMum. In the above investigation it has been assumed, in 
accordance with Kepler's first law, that the orbits of the planets 
ajie ellipses* That they are so, or, at least, nearly so, is eatablished 
by the fact, that different sets of observations, made on the planet 
in various parts of its orbit, give very nearly the same residts for 
the longitude of the perihelion, the eocentricityy and the semi- 
transverse axis. 

The semi-transverse axes of the orbits of the planets, or their 



Digitized by VjOOQIC 



GHAPTEE XIY. 145 

meuL distonoes detormined ts above, and the periodic timeB de- 
tennined by a previoiia article (272), are found to accord with 
Kepler's third law (154), or nearly so. As the truth of this law 
has been confirmed by investigations in physical astronomy, and as 
the periodic times of the planets may be determined with great 
precision, we may, from these, obtain more accurate values of the 
semi-transverse axis. Thus, putting P and p for the periodic times 
of the earth and planet respectively, and A and a for their mean 
distances, we have P : |?* : : A^ : a*. Whence, a becomes knowui 
when P, Pj and A are known. 

It is, however, usual to assume the earth's mean distance from the 
sun to be a unit, and to express the mean distances of the planets 
and the radii vectores of the earth and planets, in accordance with 
this assumption. We then have, P : |^ : : 1 : a' ; or, 

P 

275. Motions of the perihelionn and changes in the eccentricities. 
From observations made on each of the different planets, at distant 
periods, it is found that the perihelions of all their orbits have 
slow motions. The motion of the perihelion of the orbit of Venus 
is retrograde. Those of the other planets are direct. 

The eccentricities of the orbits are also subject to small secular 
variations. Some of them are at present increasing, and others 



276. Semi-transverse axes of tJie orbits. The semi-transverse axes 
of the orbits, or, which is the same, the mean distances of the 
planets from the sun, do not change. This fact was first discovered 
by Lagrange, from investigations in physical astronomy, and it 
accords with observation. 

277. JBpoeh of a planet's being at its perihelion. From several 
observations of the planet about the time it has the same longitude 
as the perihelion, the exact time that it is at the perihelion may be 
obtained by proportion or interpolation. 

278. SehoUum. There are various other methods for determin- 
ing most of the elements of the orbit of a planet^ besides those 

given in the preceding articles. Those which are founded on ob* 
H 19 
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Bervations of the planet when in conjunction cnr opposition, aad st 
the nodes, are the most convenient and accurate. The elements 
of the orbit may, also, be determined with tolerable accuracy, by 
certain methods of estimation and computation, without extending 
the observations to the time of the planet's passage through the 
node. These methods were applied on the discovery of the new 
planets. 

In determining the elements, many hundreds, or even thousands 
of observations have been employed ; and, with the exception of 
those of the new planets, they are now known with a high degree 
of precision. 

279. Tables of the planets. When the elements of a planet's 
elliptical orbit have been determined, its place in the orbit may be 
calculated by Kepler's Problem, or by a table of the equation of 
the centre, computed by means of that problem. But the motion 
of a planet is subject to small perturbations, produced by the ac- 
tions of the other planet». Investigations in physical astronomy 
have furnished the means of computing these perturbations and 
forming tables by which their values for a given time may be easily 
obtained. A complete set of tables for any planet includes tables 
of the mean heliocentric places and motions of the planet, and of 
the perihelion and ascending node of the orbit, the equation of the 
centre, the values of the perturbations, the reduction of the planet's 
place in its orbit to the ecliptic, and the radius vector of the 
planet or its logarithm.* 

280. Geoeentrte longitude and latitude. From the heliocentric 
longitude, latitude and radius vector of a planet as obtained from 
the tables, it is often required to find the geocentric longitude and 
latitude. Referring to Fig. 47, and designating the quantities as 
in article (278), we have, by trigonometry, 

BE + Sp : S a>£Bp : : tang \ (SpE + SEp) : tang^ (SpE a> SEp), 
or, B + r eoi { : Boo r cos Z : : tang J (p + E) : tang J (p <» E), 

T COS I T COS I 

or, 1 + ^ : : 1 <3r> ; tang \{p + lS)i tang J (pa>E). 

* The best tables of the planets are those bj Lmdtnau^ for Heronry, Venus and 
Mars, with the explanations in Latin ; and those bj Bowardf for Jnpiter, Satnm 
^ihI Uranos, widi the explanations in French. 
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Pat, tang 9 — ^ . 

Then, as (278), |? + E-L-G+G-L'»L -L', we have, 

1 + tang ilco tang e : : tang J (L — L') : tang i {pco E). 

1 «xp tanir o 
Hence, tang }(|>a>E)-Y-p^. tang}(L-LO 

or, (App. 15), twig } (|> oQ E) = twig (45® oq tf). tang J (L — L'). 

Then, } (poQ E), added to J (p + E), or its equal J (L — L^), 
for a superior planet, or subtracted from it for an inferior planet, 
gives E, the elongation. And E added to h' gives G, the geo- 
centric longitude. 

As (L — L^, or its equal {p + E), is the supplement of S, and 

as the sine of an angle is the same as that of its supplement, we 
have for x, the geocentric latitude (278, F), 

sin E tang I ^.. 

**"«^=ri^(L3!:o ^^ 

When the planet is in conjunction or opposition, this formula 
for the geocentric latitude is not applicable ; for, then, E and 
(L — L') are either 0® or 180®, and, consequently, their sines are, 
each, zero. But, as E, S and p are then in a straight line, we 
have Ep » SE ^ Sp » B ^ r cos 2. Hence, 

r sin Z « Pp — Ep tang x «=i(B ^ r cos Z) tang x, 

rsinl ,^. 

*"«*"Rl7^i (^> 

The upper sign appertains to the conjunction of a superior 
planet or superior conjunction of an inferior, and the lowers to op- 
position or inferior conjunction. 

281. Distance of a planet from the earth. For the distance of 
a planet from the earth, we have, 

EP BinxaiPp«BSp8in;«rsin]^ 

_^ r sin i ^. 

or, EP « — (P) 

sin X 

Another expression, more accurate in practice, especially when 

the latitudes are small, may be easily obtained. For, 

an E : sin S : : Sp : Ep, 
or, siiiE:ffin(L — L^::roo6;:BPc08X. 
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'^'»> ^ - ""■Iti^E'''' <«> 

COS X Bin Jit 

282. Marizontal paraUax of a planet. Let r »■ radius vector 
of the planet, expressed in terms of the earth's mean distance from 
the son regarded as a nnit, 9t » the planet's horizontal parallax, 
and fi^ "* the snn's mean horizontal parallax, that is, the parallax 
at the distance 1. Then (93), 

EP : 1 : : k' : K — -rnr* 
EP 

Hence (281, P and Q), 

k' sinx K^ oosxsinE 

rsmi rcos«sm(L — L') 

283. Aj^arefU $emidiameUr of a planet. The semidiameter 
of a planet, as obtained from observation with a micrometer or 
heliometer, when the planet is at a known distance, may be re- 
duced to what it wonld be, if seen at the mean distance of the 
earth from the snn, that is, at the distance 1. Let V » this valne 
of the semidiameter and ^ »■ the valne at any time. Then (97), 

EP : 1 : : «' : « -=;• 
EP 

^ ^sinx 5'cosxsinE 

Hence, « — — ; — =, or, « — 



rsinZ rcosZsin(L — L') 

BBTBOGBABATIONS AND STATIONS Of A PLAKBT. 

284. Retrograde motion of a planet. As the orbits of the planets 
are nearly circular, and do not deviate much from the plane of the 
ediptic, we shall here regard them as drcolar and coinciding with 
that plane. 

Let S, Fig. 49, be the snn, AGE the orbit of the earth, ace 
that of an inferior planet, A and a the places of the earth and 
planet when the latter is in inferior conjunction, B and h their 
plaoes at some short time after conjunction, as, for instance, an 
hour, AY and BY the direction <^ the vernal equinox, and B« and 
U perpendicular to S A. Also, let P and p be the periodic times 
of the earth and plaaet respectively, expressed in hoursi M «« 
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ASB « e«rth*B hourly motion, and m » aSb » planet's Konrij 

motion^ Then, by Kepler's third law, 

SA* : Sa» : : P : p* 

or, SA^/SA : Sa^Sa : : P : p. 

^ ^ 860° 860<> ^, . 

But, P :^ : : -rr- : : : 971 : M : : sin 9n : sin M. 

M 911 

Hence, SA\/SA : 8ay/Ba : : sin m : sin M (R) 

But, Sa : SA : : Sa : SA. 

Therefore, ^/SA : ^/8a : : Sa sin m : SA sin M : : M : Be. 

Conseqnentlyi as ^/SA is greater than y/Soy it follows that U 
is greater than Be. The line Bft, therefore, iaelines from AS. 
Henoe, as BY is parallel to AY, the angle YBft, which is the 
planet's geocentric longitude when at ft, is less than YAa, its geo- 
centric longitude when at a. The apparent motion of the planet 
is, therefore, retrograde at the period of inferior conjunction. 

Let E and e be the places of the eartii and planet at the time 
of superior conjunction, and F and /their places an hour after- 
wards. Then, it is evident that VF/, the geocentric longitude of 
the planet at/, is greater than YEe, its geocentric longitude at e. 
The apparent motion is, therefore, direct at the period of superior 
conjunction. 

As the direction of a from A, or 5 from B, is directly opposite 
to that of A from a, or B from ft, it follows that, when the motion 
of the planet appears to be retrograde as seen from the earth, the 
motion of the earth must appear retrograde as seen from the 
planet ; and the same must apply to the direct motions. Hence, 
regarding aee as the orbit of the earth, and ACE as that of a su- 
perior planet, it is obvious that the apparent motion of the supe- 
rior planet must be retrograde at the period of its opposition, and 
direct at the period of conjunction. 

It will appear, from the next article, that the period during 
which the apparent motion of a planet is retrograde, is much 
shorter than that during which it is direct. 

285. A planet $ometifnes appears to be ttatumary. Let and 

be two corresponding places of the earth and planet, and D and d 

their places an hour afterwards. Then, if the places and e be 
*2 
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such that Dd is parallel to Cc^ the geocentric longitades YDd and 
YCc will be eqaal, and, therefore, the planet must, at that time, 
appear to be stationary. 

To find 8Ccy the angle of elongation when the planet appears 
stationary, put x = SGc and y » CcG ; and regarding the earth's 
distance SG = 1, let a ^ 8e '^ the planet's distance. Then, SDd 
« Swc « SCc + CSD = a? + M, and DdK - C*K « 8ck + 
OSE » CcQ + GSE » y + 9n. Hence, from the triangles SO 
and SDdj we have, 

sin y : sin a: : : 1 : a : : sin (y + 97i) : sin (a? + M), (S) 

or, siny:sinycos9n + cosysinm::sina;: sin2;cosM + cosa?sinM* 

But, as M and mare both very small, we may regard cos M » 1 
and cos m » 1. Hence, 

siny:siny + cosysinm::sina?:sinx + cosa;8inM, 

. ^f sin M 

or, smy : sin a: : : cosy sin m : cos a; sm M : : cosy : cos z. 

sin m 

But (284 R), — » — a>/a. 

^ ^sinm SA^/SA SC^/SC 

Hence, cos y : a>/a. cos a? : : sin y : sin a; : : 1 : a, (S) 

or, cos*y : a*cos* x : : sin*y : sin* a? : : 1 : a*. 

Consequently, c? cos* x^n? cos*y (T), and sin* x^<j? Bin*y (U) 

Therefore (T and U), (j? — c? sin* x^cf ^-^ c? sin* y mm (jf ^ sin* a? 

or, (1 — a») sin* a; — a* - o^ (V) 

Again (U and T), 1 — cos* x ^ c^ -- a^ cos* y ^ <;? — c? cos* «, 
or, (1 — a») cos* a: — 1 — a* (W) 

Dividing (V) by (W), we have, 

tang*. -^^11^^ ^, 

or, twig a? = + fX) 

The upper sign appertains to an inferior, and the lower to a 
superior, planet. 

From (S), by dividing the first and third terms by cos y, and the 
second and fourth by cos ar, we have, 

1 : a^a : : tang y : tang x. 

Hence, tang y =« — ^ — 
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Tbe az^es x and y being found, the angle OS<f, which is equal 
to their d^erence, is known. Now, CS^ is the difference between 
the angular motion of the earth and that of the planet during the 
interral firom inferior conjunction, or from opposition, to the time 
the planet is stationary. Hence, if we put i » this interval, and 
(2 « the difference of the daily motions of the earth and planet, 
we hare, 

d : CStf : : 1 day : t ■■ . 

d 

Now, it is evident, that the planet must appear stationary at a 
like interval prior to the conjunction or opposition, and that during 
the period from the prior to the subsequent stationary positions 
its apparent motion must be retrograde. Hence, 2t expresses the 
period during which the motion is retrograde. The value of 2t, 
computed for each of the planets, is found to be much less than 
half the synodic revolution. 

Scholium. The times of the stationary positions of the planets, 
and the periods of their retrogradations, computed as above, are 
found to agree, nearly, with those obtained from observation ; and 
when more accurately computed by taking into view the inclinations 
and elliptical forms of their orbits, the agreement is complete. As 
these computations are founded on the arrangement of the sun, 
earth, and planets, according to the Oopemican System, this agree- 
ment is a confirmation of the truth of that system. 

286. Ilealdi9tance$of the planets from the 8U1U From the sun's 
horizontal parallax, the earth's distance from the sun becomes 
known (96). This distance, multiplied by the numbers respectively 
which denote the relative distances of the planets, obtained on the 
assumption that the earth's distance is a unit(274,iS'c?AoZ.), gives 
the real distances of the planets. 

287. Apparent and real diameters of the planete. The apparent 
diameter of a planet is determined by measurements with a mi 
crometer or heliometer. Then the planet's distance frt>m the earth, 
at the time of observation, being computed (281), the real diameter 
becomes known (99 H). 
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An inferior planet is nearer the earth at inferior oonjimetion 
than at superior, by the whole diameter of its orbit ; and a superior 
planet is nearer at opposition than at conjnnctiony by the diameter 
of the earth's orbit. Hence, as the apparent diameter is inyersely 
as the distance, the apparent diameters of sereral of the planets 
are very variable. The greatest apparent diameter of Venus is 
about six times the least, and the greatest of Mars about fire times 
the least. 

288. Rotations of the planets. All the planets on which suf- 
ficiently accurate telescopic observations can be made to ascertain 
the fact, are found to revolve on their axes in the same direction 
as the earth's rotation ; that is, from west to eoMt. 

A simple analogy in the times of rotation of the primary planets 
has been recently discovered by Mr. Kirkwood,* which, although not 
yet fully established as a physical law, has excited the interest of 
both European and American astronomers. It may be stated in the 
following manner. If P and V are the points of equal attraction 
between any planet and those next inferior and superior to it, re- 
spectively (the three being in conjunction), the distance between 
the points P and P' will be the diameter of the sphere of attraction 
of the middle planet. Then, putting D and D' » the diameters 
of the spheres of attraction of any two planets ; and n and n' «■ 
the number of rotations in their sidereal revolutions, we have, 

Or, the square of the number of rotations made by a planet in its 
sidereal year is proportional to the cube of the diameter of its 
sphere of attraction. The accuracy of this proportion has been 
tested, as far as it can be in the present state of our knowledge 
of the masses and rotations of the planets, and found quite 
satisfactory. 

289. Bode's Law. In the latter part of the last century. Pro* 
fessor Bode announced a remarkable relation among the distances 
of the planets from the sun, which is exhibited in the following 
table, the last column giving the true distances in whole numbers, 
on the supposition that the earth's distance is 10. 

* Professor Paniel Eirkwood, of DoUwars Collofe. 

/ 
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CHAPTER XV. 

IKFEBIOB PLANETS, MBECUEY AND VENUS. — TRANSITS. — SUN'S 

PARALLAX. 

291. (h'eateHelongationsof Mercury and Venus. Mercury and 
Venus have their orbits so far witUn that of the earth, that their 
elongations are never great. They seem to accompany the sun, 
being seen in the west soon after sunset, or in the east a while before 
sunrise. 

Let S, JV7. 50, be the place of the sun, ABO the orbit of Mer- 
cury, which we will here suppose to coincide with the plane of the 
ecliptic, FG a part of the earth's orbit, and A and a corresponding 
positions of the planet and earth, when the former is at its greatest 
elongation, at which time the angle aAS is a right angle. As the 
distances of the planet and earth from the sun both vary, the 
greatest elongation must also vary. Its value will evidently be 
greatest when S A is greatest, and at the same time 8a least, that 
is, when, at the time of greatest elongation, Merouxy is at the 
aphelion of his orbit and the earth in perihelion ; and least, when 
the positions are reversed. With the least value of SA and 
greatest of Sa, we find the least value of Merouxy's greatest elon- 
gation to be about 17^^, and with the greatest value of SA and 
least of So, we find the greatest value to be about 28i^. In a 
similar manner, we find the greatest elongation of Venus to vary 
from about 45^ to nearly 48^. 

292. Synodic Revolutvnu of Mercury and Venus. From the 
formula (272 Cor.), 'the synodic revolution of Mercury is found to 
be about 116 days, and diat of Venus, 584 days. 

293. Pha$es of Mercury and Venus. Regardmg the planets 
as opaque globular bodies, which shine by reflecting the light of 
the sun. Mercury and Venus must assume the various phases of 
the moon. Referring to Fig. 50, let A and a, B and ft, &c., be 
corresponding positions of one of these planets a^d the earth. 
Then, it is obvious that, while the planet is passing from its 
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duration of twilight (182). Bat, in latitudes not higher than thoee 
of the United States, he may, under favourable circumstances, be 
seen in the eyening or morning, for a number of days about the 
period of his greatest east or west elongation. Supposing the at- 
mosphere clear, the other circumstances that favour his visibility 
are, that the greatest elongation should occur during the period of 
riiorter twilight, that he should then be near the aphelion of his 
orbit, or, at least, not very remote from it, and that his polar dis- 
tance should be some degrees less than that of the sun. 



VBKXJS. 

297. Q-eneral Bemarki. Venus, the inost brilliant of the 
planets, is frequently called the morning and evening star, as she 
IB in general conspicuously visible at one or the other of these 
times. In remote periods, this planet was regarded as two dif- 
ferent bodies; the morning star being called Lucifer^ and the 
evening, Sesperua. The discovery that they were the same body^ 
is ascribed to Pythagoras. 

The size of Venus is nearly the same as that of the earth, 
though a little less. Her apparent diameter varies from IC to 61'^ 

298. Periodf DigtaneCj ^c. Venus revolves round the sun in 
about 7^ months, at a distance of 69 millions of miles. Her 
diameter is about 7600 miles, and her volume ^^ that of the earth. 

From observations of the motions of spots seen on the surface, 
it has been inferred that Venus revolves on her axis in 28h. 21m. ; 
the axis making an angle of 75^ with a perpendicular to the plane 
of the ecliptic, and 72^ with a perpendicular to the plane of the 
orbit. 

299. Day and Nighty and Seasons at Venus. As the axis of 
Venus makes so large an angle with the axis of the orbit, it is evi- 
dent that she must be subject to great and rapid changes in the 
lengths of her day and night, and correspondingly great vicissi- 
tudes in her seasons. The circles corresponding to our tropics 
must be within 18^ of her poles, and those corresponding to our 
polar circles, within the same distance of her equator. It can, 
therefore, only be within a zone extending 18^ on each side of her 
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TBAH8IT8 Of MBROUBT AND YBHUS* 

802. Definttian. When either Mercury or Yenus, at the time 
of inferior conjunction, is near to either node of its orbit, or, which 
amounts to the samCi when the longitudes of the sun and node are 
at that time nearly equal, the planet must pass between the sun 
and earth, appearing as a well-defined black spot traversing the 
disc. This phenomenon is caUed a Transit of the planet. 

808. Transits of Mereury. The longitudes of Merouxy's nodes 
are about 46^ and 226^, and these longitudes vary but little more 
than a degree in a century. In the present age, therefore, tran- 
sits of Mercury can only occur in the months of May and Novem- 
ber, for it is only in these months that the sun can have the same 
longitude as the nodes. 

When a transit has occurred at one node, there cannot be an- 
other at the same node, till the lapse of a period of time composed 
of whole synodic revolutions, and also, of whole years or nearly 
so. For they occur only at inferior conjunction, and those at the 
same node, nearly at the same time in the year. Hence, taking s 
to represent a synodic revolution of Mercury, p the periodic revo- 
lution of the earth or sidereal year, if m and n be two whole num- 
bers such that ns ^ mp nearly, or — a ^ nearly, then will m be 

fn s 

the number of the years in the period between two consecutive 
transits at the same node. Different values for m and ti, less or 
more exact, may be obtained by the method of continued frac- 
tions.* It is thus found that transits at the same node occur at 
intervals of 6 or 7 years, 18 years, 88 years, &c. 

A transit at one node is generally preceded or followed, at an 
interval of 8^ years, by one at the other node. 

The last two transits of Mercury, both of which were visible in 
this country, occurred in May, 1845, and November, 1848. f 

• This method is frsqnentlj giTcn im tretlisM on Algebra. A pntotiosl nile is 
giTen im Lewis's Ariihmetio. 

f Other transits that will ocenr during the present eentnry, will happen Novem- 
ber, 1861, November, 1868, Maj, 1878, NoTomber, 1881, Maj, 1891, and Novem- 
be» 1891 Of these the third and last wOl be ^rtsible in this oonntry. 
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804. TnumU of Vmu$. The longitades of the nodes of Ye- 
noB are about 75^ and 255^, and tiie sun has these longitades in 
June and December. Hence, it is only in June and December 
that transits of Yenns occur. 

A synodic reToIntion of Yenns being about 584 days (292), a 
period of 5 synodic reyolutions differs but little from 8 years. 
Hence, a transit at one node is generally preceded or followed, at 
an interval of 8 years, by another at the same node. A full in- 
yestigation, with reference to both nodes, shows that, commencing 
with the last transit, which occurred in June, 1769, succeeding 
transits must occur at the terminations of the periods 105^ years, 
8 years, 121} years, and 8 years, taken in order and repeated in 
the same order. Thus, the last two transits were in June, 1761 
and 1769, and the next two will occur in December, 1874 and 
1882. 

Transits of Yenus occur, therefore, much less frequently than 
those of Mercuxy. 

305. OompiUation of a Tramit. The computation of a transit 
of Mercury or Yenus, for any given jflace, is nearly like that of an 
eclipse of the sun.; the data for the planet taking the place of 
those for the moon. 

306. Sun*8 Parallax. A transit of Yenus is a phenomenon of 
great interest and importance as affording the best means of deter- 
mining with accuracy the sun's parallax, and thence, his distance 
from the earth. For a full investigation of the method by which 
the sun's parallax is deduced from observations of this phenomenon, 
the student must be referred to larger works. But the following 
illustration will enable him to understand the general principles 
on which the deduction depends. 

Let the circle cDi, of which S is the centre, Fig. 51, represent 
the sun's disc, and let Y be Yenus, pq a part of her relative orbit, 
along which she appears to move in the direction from p to ;, E 
the earth, and A and B the places of two observers, supposed to 
be situated at the opposite extremities of that diameter of the 
earth which is perpendicular to the ecliptic. Then, disregarding 
the earth's rotation, or, which is the same, supposing the positions 
A and B to remain fixed during the transit, the c^tre of the pla- 
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net will, to the obserrer at A, appear to describe the ehord cdj and 
to the observer at B, the parallel chord ef. Also, when, to the 
observer at A, the centre of the planet appears to be at a, it will^ 
to the observer at B, appear to be at i. Aa AB is perpendicular 
to the plane of the ecliptic, and the plane of the son's disc is for 
each observer very nearly so, the line ba maj be regarded as being 
parallel to AB ; and as the relative orbit, and, consequently, the 
chords cd and ^make but a small angle with the plane of the 
ecliptic, it may be regarded as perpendicular to these chords, and, 
therefore, as expressing the distance between them. 

Now, the observers at A and B may determine the duration of 
the transit of the planet's centre as seen at these places ; that is, 
the times of its appearing to describe the chords cd and ef. Then, 
as the relative hourly motion of Venus may be very accurately 
found from tables of the sun and planet, the values of the chords 
cd and ef, expressed in seconds, and, consequently, their halves hd 
and kf may be obtained. Hence, hd and ^, and the sun's semi* 
diameter SD, being known, AD and ArD, and, consequently, their 
difference hk or oft, are easily found. 

As ba is parallel to AB, the triangles ABY and abY are similar, 
and we have, dV : AY : : ab : AB. But, from the tables, we 
know the ratio of dV to aA, and, consequently, of aY to AY. 
This ratio is, at a mean, 72 to 28 very nearly, or 5 to 2 nearly. 
Hence, we have, approximately, 5 : 2 : : ab : AB ■- | oft. But, 
AB, which is the measure of the angle AaB, is double the sun's 
horizontal parallax. Consequently, the sun's horizontal parallax 
■■ { oi, nearly. It follows that, whatever small error may be 
made in determining oi, the error in the parallax obtained will be 
only about one-fifth as great. 

It is not necessary that the observers should be situated as sup- 
posed above ; but it is important that they should be at places far 
distant from each other, in rather a north and south direction^ 
The places being known, the complete investigation of the subject 
fbmishes a method of deducing the parallax, taking into view the 
earth's rotation and every other circumstance that can influence 
the accuracy of the result 

807. Determmatian of the sun's paraUax. Astronomers having 
made known the importance of having accurate observations of 
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the traneits of Yenos at different and distantt places, expeditions 
on the most efficient eoale were fitted out for the purpose preriooa 
to the last transit, in 1769, by the British, French, Russian, and 
other goTemments. From the obseryations then made, combined 
with some of those made in 1761, Professor Encke has found the 
son's mean horizontal parallax to be 8'^5776. 



CHAPTER XVI. 

SUPBRIOB PLANETS — SATELLITES OF JUPITER, SATUBN AND URANUS. 

308. Superior PlaneU. The superior planets, revolving in orbits 
without that of the earth, cannot exhibit to us phases similar to 
those of Mercury and Venus. The disc of Mars, however, about 
the period of his quadratures, appears decidedly gibbous. The 
oth^ planets revohre so far without the earth's orbit that their 
enlightened sirfaoes are always turned almost entirely towards the 
earth, and the gibbous form is not peroeptible. 

MARS. 

309. General remarks. Mars is easily distinguished from the 
other planets by the ruddy colour of his light. • He is a small 

. planet, next larger than Mercury. His apparent diameter varies 
^ from about 3''^ to 18'^ In consequence of .this great variation in 
' apparent diameter, he appears at different times, except witik regard 
to colour, as quite a different body."** 

310. Periodj diHancej ^c. Mars revolves round the sun m a 
little less than 23 months, at a distance of 144 millions of miles. 

I His diameter is about 4000 miles, and his volume 4 that of the 
\ earth. He revolves in 24 h. 39 m., about an axis that is inclined 
^ to the axis of the ecliptic, in an angle of 30^ 18^ 



* The obange in the apparent diameter of Venus is still greater (297); bat; in 

•onseqnenoe of her phases, the ehange in the light receired from her, while 8Mfi 

flenily renota from the ran to be tiaiUt, is mack lets. 
o2 21 
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318. JEclipaes of Jupiter's satellites. The eclipses of Jupiter'g 
satellites are phenomena of very frequent occurrence. For, in 
consequence of the great size of the planet, the small distances of 
the satellites, and the small inclinations of their orhits to that of 
their primary, the three interior satellites suffer an eclipse every 
synodic reyolution ; and the fourth very rarely passes o|^sition 
without being eclipsed. 

Both the beginning and end of an eclipse of Ae third c^ fourth 
satellite, or the immersion and emersion^ at a and 5, may frequently 
be observed from the earth ; both taking place on the same side of 
the planet. This is, also, sometimes the case with the second. 
But the orbit of the first is so near to Jupiter, that its immersion 
and emersion can never both be seen ; one or the other taking 
place behind the planet. This will be perceived by supposing an 
orbit to be described, much smaller than that in the figure. 

It is evident, from inspection of the figure, that the eclipses take 
place to the west of the planet, while the earth is to the west of 
S J, that is, before the opposition of Jupiter ; and to the east, while 
the earth is in the other half of its orbit, or after opposition. 

819. Revolutions and motions of the satellites. From the ob- 
served times of immersion an^ emersion of a satellite, the time it is 
in opposition to the sun becomes known ; for this time must evidently 
be the mean of the two former. It, therefore, follows that re- 
peated observations of the eclipses of a satellite serve to determine 
its mean synodic revolution. From this, the periodic or sidereal 
revolution is easily found. 

From the mean sidereal revolution, the mean motion or angular 
velocity becomes known. 

The orbits of the satellites differ but very little from circles, and, 
consequently, their true elliptical motions differ but little from their 
mean motions. The mutual actions of the satellites produce, 
however, some perturbations in their motions. These have been 
carefully investigated by Laplace and others ; so that their true 
motions are now quite accurately known. 

820. Curious relation in the mean motions qf the first three 
satellites. If the mean angular velocity of the first satellite be 
added to twice that of the third, the sum will be equal to three 
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times that of the second. From this, it foRows that, if from the 
sum of the mean longitude of the first, and twice that of the third, 
three times that of the second be subtracted, the remainder will 
always be the same quantity; and, from observation, it is found 
that this quantity is 180°. Hence, it also follows that the first 
three satellites can never all be eclipsed at once. 

821. U9e of the eclipges of Jupiter' 9 satelUUs in determining 
the longitudes of places. As a satellite, oii entering the shadow, 
loses its light, and on leaving regains it, the same immersion or 
emersdon must occur at the same instant for different places, how- 
ever distant from one another. If, then, the times of immersion or 
emersion, as reekoned at two different places, be accurately observed, 
the difference of these times must be the difference of longitude of 
the two places. Consequently, if the longitude of one of them is 
known, that of the other becomes also known. 

The times of the eclipses, computed from tables which have been 
formed for the purpose,* are given in the Nautical Almanac, for the 
meridian of Greenwich. These computed times differ but little 
from the times observed at that meridian. If, then, an eclipse of 
one of the satellites be observed at any place, the difference be- 
tween the observed time, and the time given in the Nautical 
Almanac, expresses the l(mgitude of the place from Greenwich. 

This very simple method of finding the longitude is not so accu- 
rate as some others. For, as the light of the satellite gradually 
diminishes, while it is entering the shadow, and gradually increases 
as it is leaving it, like that of the moon when entering and leaving 
the earth's shadow, the observed time of disappearance or reappear- 
ance of the satellite, must depend on the power and perfection of 
the telescope used, and, in some measure, on the eye of the 
observer. 

322. Transmission of Light. The grand discovery that the 
transmission of light is not instantaneous^ but that it requires time 
proportionate to the distance, is due to RoemeTy a Danish astrono- 
mer, who deduced it from observations of the eclipses of Jupiter's 
satellites. In 1675, Roemer examined and compared observations 

* The best tables of Jupiter's satellites are those computed by Damoisean. 
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of the eclipses of the satellites which had been made during a num- 
ber of preceding years. He found that the eclipses which hap- 
pened about the time of Jupiter's opposition, when he was nearest 
to the earth, all occurred some minutes ^oon^r than they should do, 
according to the ayerages of the intervals between consecutive 
eclipses of each satellite; and that, when Jupiter was near con- 
junction, and, consequently, most remote from the earth, they all 
occurred as much later than they should do, according to these 
averages. The deviations appearing thus to be connected wiUi 
the planet's distance from the earth, it occurred to him, while seek- 
ing for their cause, that they could be explained by assuming light 
to be uniformly transmitted in time: that is, by assuming that, 
when any very distant phenomenon happens, a measurable interval 
of time, proportionate to the distance, elapses between the actual 
occurrence of the phenomenon and the perception of it by the ob- 
server. Pursuing the inquiry, he found that the deviations he 
had noticed would be completely accounted for, by allowing 8m. 
ISsec. for the transmission of light through the distance between 
the sun and earth. This, since the sun's distance from the earth 
is 95,000,000 miles, gives to light the amaiing velocity of more 
than 192,000 miles per second. 

This conclusion, with regard to the transmission of light and its 
great velocity, subsequently received complete confirmation by 
Dr. Bradley's discovery of the abberration of light (131). 

828. natation of Jupiter* 8 sateUites. From very frequently 
repeated observations of Jupiter's satellites, it has been ascertained 
that they are subject to marked periodical fluctuations with regard 
to brightness ; and that the periods correspond respectively with 
the periodic revolutions of the satellites. Hence, it has been in- 
ferred that each satellite, like our moon, revolves on its axis in the 
same time that it revolves round the planet. 



Digitized by VjOOQIC 



\ 



CHAPTER XVL 16T 



SATURN AND HIS SAT8LIJTBS AND RINGS. 

824. General remarks. Saturn is a large planet, being next 
in size to Jupiter, and not greatly inferior. He is so remote from 
the sun, in comparison with the earth, that his apparent diame* 
ter is not subject to much variation. Its mean value is about 
1T'^ Consequently, Saturn, though so remote, is, from hb great 
size, a tolerably conspicuous object. He shines with rather a pale 

^^ white light. 

' \ In addition to his eight satellites (9), Saturn is distinguished 
from all the other planets by being surrounded, at some distance, 
by two broad, flat, circular rings, situated in the same plane, and 
concentric with the planet and with each other. 

325. Saturiis periodj dietance^ ^e. Saturn revolves round the 
/ sun in about 29| years at the distance of 905 millions of miles. 

His diameter is about 79,000 miles, and his bulk nearly 1000 
times that of the earth. He revolves in lOh. 29m., about an axis 
^ making an angle of 28^ 40' with the axis of the ecliptic. 

326. Saturn" 9 Bingn. The rings of Saturn are opaque bodies, 
shining like the planet, by reflecting the light of the sun. This 
follows from the fact that they are observed to cast a shadow 
on the side of the planet next the sun, and to be shaded by it on 
the opposite side. Fig. 58, represents Saturn surrounded by these 
singular appendages ; the body of the planet being striped by dark 
belts somewhat similar to those of Jupiter, but broader and less 
strongly marked. 

From micrometrical measurements, it has been ascertained that 
the distance from the surface of Saturn to the inside of the nearest 
ring is a little over 19,000 miles ; the breadth of this ring is about 
17,000 miles; the interval between the two rings is 1,800 miles; 
and the breadth of the exterior ring is about 10,600 miles. The 
entire diameter of the exterior ring is 176,000 miles. The rings 
are extremely thin; their thickness, according to Sir J. Herschel, 
does not exceed 100 miles. 

When the rings are examined with telescopes of moderate power, 
they appear as one, the interval between tiiem not bemg percep- 
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tible ; but this interval becomes distinctly seen when those of high 
power are used, appearing as a black line or narrow band as repre- 
sented in the figure.* 

327. Inclination and Rotation of the Bings. It has been ascer- 
tained that the rings coincide, or very nearly so, with the plane 
of Saturn's equator. They must, therefore, be inclined to the 
plane of the ecliptic in the same angle that the axis of the planet 
is inclined to the axis of the ecliptic ; that is, in an angle of 28^ 
40^ (325). It is also found that the plane of the equator and 
rings, and, consequently, the line in which it intersects the plane 
of the ecliptic, remain parallel to themselves as Saturn makes his 
revolution in his orbit. From this it follows, that the axis of Sa- 
turn, like that of the earth, continues parallel to itself. 

From observations of some parts of the rings less bright than 
others, it has been inferred that they revolve in their own plane, 
making a revolution in about lOh. 29m. It is worthy of remark, 
that this is nearly the time in which a satellite, at a distance from 
Saturn, corresponding to the middle of the rings, would revolve 
round the planet 

328. Varying appearance of the Ring9 and their disappearances. 
As the plane of the rings continues parallel to itself, and the angle 
of their inclination to the ecliptic is not large, the face of the 
rings can never be turned directly to the earth, or very nearly so ; 
and they do not, therefore, ever present to us a circular appearance. 
Being seen obliquely, they must, like all circular rings when thus 
viewed, appear elliptical ; the degree of ellipticity varying accord- 
ing to the greater or less obliqueness of their position, which, in 
consequence of the motions of Saturn and the earth, is continually 
changing. 

Let S, F^. 54, be the sun, eae' the orbit of the earth, and ABCD 
the orbit of Saturn, which we may here suppose to coincide with 
the plane of the ecliptic ; and let the parallel lines in the figure 

* Appetrtnoes of other lines of divisioa kave been seen occaaionaUy by seTenJ 
observers, an4 sometimes under circumstances which seemed to leaye no room to 
doubt the existenee of one or more subdiTisiona in each ring. 

The most interesting disooyery recently made in reference to the rings of Sa- 
turn, is that of a new ring, of an obscure, dusky appearance, interior to the 
Inner, principal one. This was obserfed at about the same time in NoTember, 
1860, by Mr. Bond of Cambridge, United States, and by Mr. Dawes of England. 
The breadth of the obscure ring is estimated to be 1".?, or two-fifths of &e in- 
terral between the surface of the planet and the inner, bright ring. 
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be the lines in whieh the plane of the rings intersects the plane 
of the ecliptic, in the positions of Satnm, to which they are drawn. 
Then, it is evident that when Saturn is in either of the positions A 
and C, the plane of the rings mnst pass throngh the sun, and only 
the edge of the exterior ring is illuminated. In these positions, 
the longitudes of which are 170^ and S50% the rings, in conse- 
quence of their being extremely thin, are «»rm5fe, except with a 
telescope of the very highest power. With such an instrument a 
fine line of light has been perceived, extending to some distance 
on each side of the planet. 

It is not only at the positions A and C, that the rings are invisi- 
ble. They usually disappear twice about each of these positions, 
remaining invisible some weeks at each disappearance. To under- 
stand this, suppose that, as Saturn approaches A, the earth is 
moving in the part e"ea of its orbit. There must then be a time 
at which the line €«, joining the earth and Saturn, will become 
parallel to GA. At this time, the plane of the rings must pass 
through the earth, and only the edge being towards it, they are 
invisible. After this, while the earth is moving from e to some po- 
sition a, and Saturn from a to A, the plane of the rings passes 
between the sun and earth, and the enlightened face is turned from 
the earth. Hence, as, during this period, only the edge of the 
enlightened part of the rings is towards the earth, they remain 
invisible. When the planet has passed the position A, the sun 
and earth are both on the same side of the plane of the rings, the 
illuminated face is towards the earth, and the rings are a^gain visi- 
ble. This continues to be the case till the earth and planet attain 
the positions e' and 8% when the plane of the rings again passes 
through the earth, and the rings become invisible. They continue 
so till the earth and planet arrive at the positions ef' and s"j when 
the plane of the rings a third time passes through the earth. 
After this, the illuminated face is turned towards the ea^th and 
the rings are visible till the planet approaches the opposite position 
C, when two other disappearances usually take plaoe.^ 

The illuminated &ce of the rings must, obviously, be most 

* It is obTious that the order and durations of the disappearances will be 
affected by the position of the earth when the plane of the rings first intemects 
the earth's orbit. 

P 22 
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turned towards the earth when the planet is at or near the post 
tions B and D, midway between A and C ; and the rings most 
then appear most open. They have then nearly the appearance 
represented in Fig. 58. 

While Satom is in the part ABC of his orbit, that is, from ITO"* 
to 850^ of longitude, the northern face of the rings is illuninated, 
and in the other part, the southern face. 

829. Period of the dieappearaneee of the rings. As the period 
of Saturn's roTolution is about 29| years, nearly 15 years must 
elapse from the time he is at A till he is at C, or from C to A, 
^, and this must be nearly the period from one set of disappearances 
> ^ to the next. The two to which the aboye illustration refers, took 
place about the position A, in the latter part of 1882 and towards 
the middle of 1888 ; the next occurred in 1847. 

880. Saturn* $ uateUiUs. The eight satellites of Saturn reTolye 
round him in periods varying from 1 day to 79 days, and at dis- 
tances varying from 8 to 64 radii of the planet. The eighth satel- 
lite is the most conspicuous ; that, and the sixth, may be discerned 
with telescopes of moderate power. The third, fourth, and fifth 
can only be seen with a telescope of much higher power ; and the 
first, second, and seventh only with a telescope of great power. 

The eighth satellite, like those of Jupiter, exhibits periodic defal- 
cations in its light, from observations of which it has been inferred, 
that it revolves on its axis in the same time that it makes a revolu- 
tion round the planet (828). 

The discovery of the sixth of these satellites was made by 
Huygens, in 1656 ; that of the third, fourth, fifth, and eighth by 
Cassini between the years 1670 and 1685 ; that of the first and 
second by Sir l^Hlliam Herschel, in 1789 ; and that of the seventh 
by Mr. Bond of Cambridge, Mass., and Mr. Lassell of Liverpool, 
m 1848. Mr. Bond having seen it about 48 hours earlier than 
Mr. Lassell. 

Some authors have distinguished the satellites of Saturn by 
reversing the order of the numbers above and calling the exterior 
one the first, he. Sir John Herschel, in a work published in 1847, 
in alluding to the inconvenience arising from this uncertainty, says : 
^^ Should an eighth satellite exist, the confusion of the old nomen- 
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datare will become quite intolerable/' and proposes the following 
aythological names: Ist. Mimas; 2d. Enceladns; 8d. Tethjs; 
4th.Dione; 5th. Rhea; 6th. Titan; 8th. lapetus. In accordance 
with this system, the seyenth satellite recently discovered has been 
named Hyperion. 

VRAKUS AND HIS SATELLITES. 

831. General remarke. Uranus was discovered by Sir Wil- 
liam Herschel in 1781, and was named by him the Georgiom 
Sidos, in honour of his patron, King George III., which name, 
abbreviated to the Georgian, was retained in the Greenwich Nau- 
tical Almanac until the year 1851. By the French it was for a 
time called Herschel and by others Uranus. It is now universally 
recognised by its mythological name. The distance of Uranus 
is so great that, though a large planet, he is barely discemable 
by the sharpest sight without the aid of a telescope. His apparent 
diameter, which varies but little, is about ^'\ 

882. Periodj diitaneej ^i?., of Uranue. Uranus revolves round 
tiie sun in about 84 years, at the distance of 1800 millions of miles. 
His diameter is about 85,000 miles, and his bulk about 80 times 
vthat of the earth. 

888. SaUlUtee of Uranus. According to the observations of 
Sir William Herschel with his great telescope, Uranus is attended 
> by six satellites, revolving with retrograde motions in circular orbits 
nearlj perpendicular Uf the plane of the ecliptic. These anomalies, 
in their motions and in the positions of their orbits, led some to 
doubt the correctness of the observations. But in 1888, Sir John 
Herschel confirmed his father's observations with regard to two 
of them ; and in 1847, Struve at Pulkova, and Lassell at Liver- 
pool, observed these two with a third several times. On one occa* 
sion, Mr. Lassell believed he saw still another. 

KEPTT7KB. 

884^ General remarks. Neptune is, so far as is known, the 
remotest planet in the solar system. The distance of this planet 
is so great that, though next to Saturn in site, it can never be seen 
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with the naked eye, and through ordinary telescopes it has the 
appearance of a small star. Its apparent diameter is about V^ 
and it is only through telescopes of high power that it presents a 
measurable disc. 

335. Period^ distance^ ^c, of Neptune. Neptune revolves round 
the sun in about 164^ years, at the distance of 2850 millions of 
miles. Its diameter is not much less than 40,000 miles, and its 
volume about 100 times that of the earth. 

336. Satellite qf Neptune. Neptune is attended by at least one 
satellite, and analogy favours the presumption that there are seve- 
ral. This satellite was first seen on the 10th of October, 1846, by 
Mr. Lassell of Liverpool, and has since been observed many times 
by its discoverer and also by Mr. Bond of Cambridge. It revolves 
round its primary in 5 days and 21 hours at the distance of about 
230,000 miles. From the motions of the satellite, the mass of the 
planet has been deduced with considerable exactness. It is Tvi«9 
part of the sun's. 

837. Sistort/ of the Discovery of Neptune. Soon after the dis- 
covery of Uranus, by an examination of the catalogues of the fixed 
stars, it was found that the place of the planet had been recorded 
nineteen times, once as early as 1690, as that of a fixed star. In 
1821, M. Bouvard of Paris published tables for computing the 
place of this planet (279), founded on the observations made since 
1781, a period of about 40 years. In preparing these tables he 
discussed all the observations made during a period of 130 years ; 
and, finding it impossible to represent the observed motion of Ura- 
nus during all this period by one set of elements and the pertur- 
bations (279) produced by the known planets, he rejected those 
made prior to 1781, attributing the discrepancies to imperfections 
in the ancient observations, or to '^ some extraneous and unknown 
influence which has acted on the planet.'' Soon after the con- 
struction of these tables, however, the planet was found to be 
departing from the path assigned by them to an extent that could 
not be ascribed to errors of observation. The difference between 
the observed and computed places amounted to nearly 1^5 in 1840, 
by which time the belief in the existence of a trans-Uranian pla- 
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net had become general among astronomers, as there seemed to be 
no other way of aceonntbg for the apparent i^onudies in the 
motion of Uranas. 

Mr. Adams of Cunbridge, England, was the first to attempt the 
discovery of this unknown body. He commnnioated to Professor 
Airy in November, 1845, as the result of his investigation, the 
mass and the elements of the orbit of tihe disturbing jdanet. These 
results w^re not made public until some months afterwards. In 
the mean time, Mr. Le Yerrier of Paris had undertaken a thorough 
investigation of this mibjeet, and presented the resmlts of his 
labours to the Academy of Sciences in t^ee papers. The last of 
these, announcing the mass and orbit of the required body, was 
read on the 31st of August, 1846. Le Yerrier soon after wrote 
to Dr. Galle of Berlin, stating that the longitude of his planet for 
the end of September was S25°, and requesting him to look for it. 
And on the evening of the 28d of September, 1846, the day on 
which the letter reached him, Dr. Galle found the planet in longi- 
tude 325® 53', or within less than a degree of the place assigned 
by Le Yerrier. At the suggestion of Professor Airy, Professor 
Ghallis of Cambridge had comm^iced, on the 29th of July, a sys- 
tematic search for the planet, and had actually observed it twice 
prior to the 23d of September, as he ascertained by a subsequent 
reduction of his observations. 

The orbits predicted by Adams and Le Yerrier agree remarkably 
well with each other, but differ widely from the true orbit which 
has been deduced from three years observations made since the 
discovery of Neptune, and two observations made in 1795 by La- 
lande, who mistook it for a fixed star. These two were discovered 
among some 50,000 observations of Lalande, by Mr. Walker, of 
Washington, who computed the elements given in Article 411. 

THE ASTEBOIDS. 

338. General remarks. On the first of January, 1801, the 
planet Ceres was discovered at Palermo, by Piazii, one of an as- 
sociation of astronomers, engaged in searching for a planet between 
the orbits of Mars and Jupiter (289) ; and on the 28th of March, 

1802, Dr. Gibers, of Bremen, discovered the planet Pallas, which 
p2 
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was found to hay6 nearly the same mean distance from the son aa 
Geres ; their orbits approach each other very closely at the inter- 
section of their planes, and both planets are extremely smalL 
niese facts led Dr. Olbers to conceiye the idea, that they might be 
fragments of a large planet, which formerly revolyed ronnd the 
son in nearly the same part of space, bnt which had been destroyed 
by some internal convulsion, and that more of these fragments 
might be found. Within five yeu^ two more small planets were 
discovered : Juno, by M. Harding, of Lilienthal, in 1804, and 
Vesta, by Dr. Olbers, in 1807. The search was continued several 
years longer, but with no further success, and was abandoned in 
1816. The discovery of another asteroid, Astrsea, by M. Hencke, 
of Driesen, on the 8th of December, 1845, stimulated a number 
of observers to renei^ the search for other fragments, and their 
labours have been rewarded by the discovery of twenty-seven aste- 
roids in a period of nine years ; Astrsea and Hebe, by Hencke ; Iris, 
Flora, Clio, Irene, Melpomene, Fortuna, Calliope, Thalia, Euterpe, 
and one other, by Hind; of London ; Metis, by Graham, of Ireland ; 
Hygeia, Parthenope, Egeria, Eunomia, Psyche and Themis, by De 
Gasparis, of Naples ; Thetis, Proserpine and Bellona, by Luther, 
of Bilk ; Massalia and Phocea, by Ghacomac, of Paris ; Lntetia, 
by Goldschmidt, of Paris ; Amphitrite, by Marth, of London ; and 
one recently, by Ferguson, of Washington. 

These discoveries have been greatly facilitated by the publica- 
tion of the Berlin charts, containing all the stars to the 8th or 
9th magnitude within 15^ of the equator. When a star is noticed 
in the heavens, which is not on the chart, the observer, presuming 
it to be a planet, carefully notes its position relative to the sur- 
rounding stars ; if, after the lapse of an hour or two, he finds it 
has moved, his suspicion is confirmed. In this way most of these 
small planets have been discovered. They closely resemble small 
stars, even when viewed with good telescopes; hence, they are 
called Aiteroidi. Owing to their extreme smallness, very little 
is known of their physical peculiarities. In Vesta and Pallas 
only have sensible discs been detected. The diameter of Testa 
has been conjectured at about 270 miles. 

889. Periodi and di$tanee$ of the JMerddi. The following 
table contains the times of revolution in days, and the mean dis- 
tances in millions of miles, of the twen^-nine asteroids whose 
orbits are known. 
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longitude qf (he perihdwn, the lofigitude of the node^ the tnelina- 
tian qf the arbitj and the time that the comet i$ at the perihelion. 
Tho detenninittioii of these elements from observed geocentric 
places of a comet, is a problem of much difficulty, and the requisite 
GomputationB are laborious. Various methods of making them, 
have, however, been obtained, in some of which the labour is con- 
siderably lessened. "^^ The computation is usually made, at least in 
the first place, on the assumption that the orbit is a parabola; 
which is equivalent to the assumption that it is an ellipse of great 
eccentricity. Three complete observed right ascensions and de- 
dinations of the comet, made at suitable intervals, with the tim^ 
of observation, are sufficient ; but a larger number is commonly 
employed in order that the results may be more independent of 
the unavoidable errors of observation. 

When the elements of the orbits of a number of comets have 
been computed and arranged, and if, on comparing them, the same 
or nearly the same set of elements is met with at intervals of the 
same length, or nearly so, the presumption is, that they appertain 
to the same comet returning at these times. If the intervals are 
long, a difference in them of a year or more, may be the result of 
perturbations in the comet's motion, produced by the attractions 
of the planets. 

^ 844. Halley'e Comet. In the early part of the last century, 
Halley, an eminent English astronomer, computed, from recorded 
observations, the elements of a number of comets. On comparing 
them, he found that the elements of a comet, which had appeared 

^ in 1680, and which he had himself observed, corresponded very 
nearly with those of two others, which had previously appeared at 
intervals, proceeding backwards, of about 75 and 76 years. This 
led him to suppose, that instead of three different comets, it might 
be the %ame comet, which bad appeared at these times. Making 



* Dr. Bowditeh, in an appendix to the third Tolnme of his tranilation of La- 
place's M^canique CAeste, haa introduced seTeral of the beat methods in additidL 
to that of the author, and has added taUes which facilitate the computations. A 
more recent one by Airy, the present Astronomer Bojal of England, is ^ren in 
ToL XL of the Memoirs of the Bojal Astron. Society. 
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farther researches, he became satisfied of the correctness of the 
supposition he had made, and concluded that the variation in period 
must have been produced bj the attractions of the other heavenly 
bodies. Having, therefore, made a rough calculation of the effect 
which the attraction of Jupiter would produce on the revolution 
the comet was then performing, he ventured to predict its return 
in the latter part of 1768, or early part of 1759. Subsequently, 
Clairaut, an eminent French mathematician, calculated the effects 
of the attractions of both Jupiter and Saturn, and determined the 
time of the return to the perihelion, to be in the middle of April, 
1759. It arrived there about a month prior to that time. In 
consequence of its return, nearly according to Halley's prediction, 
it has received his name. 

With more ample means for correct computations, furnished by 
the observations during its appearance in 1759, and by the im- 
provements in analysis, the recent return of Halley's comet in 
1835, was much more accurately predicted. It arrived at the 
perihelion of its orbit, within less than two days of the time as- 
signed for its return, by Pont^coulant, a distinguished French as- 
tronomer. 

The least distance of Halley's Comet from the sun is 56 mil- 
lions, and its greatest distance 8,350 millions of miles. The ec- 
centricity of its orbit is 0.97 and its inclination to the ecliptic is 
y 17** 44'. The motion of this Comet is retrograde. 

345. Enche*s Comet, The periodical character of this small 
comet, was discovered in 1819, by Professor Encke of Berlin, who 
identified the comet of that year with those that had been ob- 
served in 1786, 1795 and 1805, and which had been supposed to 
be different comet's. He found its period to be only about 1207 
days, or nearly 3 J years ; and he predicted its return in 1822, 
which was verified by observation. Its subsequent returns have 
been predicted and observed. 

This comet is sometimes called the comet of short period. Its 
perihelion distance is 31 millions, and its aphelion distance 890 mil- 
lions of miles. The eccentricity of its orbit is 0.854, and the in- 
clination to the plane of the ecliptic is 13^ 22'. Its motion is 
direct. 
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1889 it ootdd not be observed at all. But, its last return was un- 
der more favourable oircumstaiipeBy and it was observed from tke 
26th of November, 1846, until the 22d of April, 1846. On this 
occasion it presented the singular phenomenon of a double comet, 
or, two distinct comets moving through space, side by side. At 
first one was eztremelj small as compared with the other, but the 
smaller gradually increased, so that on the 18th of January the 
ratio of their magnitudes was as 1 to 8, and by the middle of Feb- 
ruary they were nearly equal in size ; after which the variaUe 
comet began to diminish, and in about a month disappeared ; while 
the other continued visible several weeks longer as a single comet. 
The comet returned again in 1852, but under such unfavorable 
circumstances, as precluded the possibility of extended observa- 
tions. Both nuclei were, however, observed by several persons in 
August and September. Fluctuations of relative brightness were 
noticed, similar to those of 1846, but much greater ; so great, in- 
deed, that for several days the two comets were aUematdy visible, 
-—one nucleus being observed one day, and the other the next. 
Professor Hubbard, after a thorough discussion of all the obser- 
vations made on this mysterious object in 1846 and 1852, found 
that the distance of the two nuclei apart, during their visibility in 
1846, was about 200,000 miles, with but little variation from the 
20th of January, to the 5th of March ; after which, they sensibly 
approached each other until one disappeared, when their distance 
was 170,000 miles; whilst in 1852, they were nearly 1,800,000 
miles apart. Professor Hubbard was unable to decide with cer- 
tainty which of the nuclei of 1852 was identical with the principal 
one of 1846, but concluded, with a high degree of probability, that 
their relative apparent direction was reversed. By tracing the 
orbits back, he found that the separation probably occurred about 
500 days before the perihelion passage of 1846.* 

348. Faye's Comet. In 1848, M. Faye of the Paris Observa- 
tory discovered a comet and determined its orbit to be an ellipse 
with the surprisingly small eccentricity of 0.55. He found the 
period to be about 7 years. This comet is remarkable as baring 
an orbit more closely resembling those of the planets in form than 
any other cometary orbit thus far known. 

* The Imperial Aoadeinj of Scieaoes of St Petersburg has oiTered a prise of 
800 daoats for the beet eesaj on the orUt of thia remarkable eomet, and the rela- 
tion which the two partf bear to each other. 
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849. De Vico'9 Comet. This comet was discovered in 1844 by 
Sr. De Vice, Director of the Observatory at Borne. Its orbit 
was found to be an ellipse, with an eccentricity of 0.62, whose 
plane almost coincides with the ecliptic Its period of revolution 
was computed to be about 6| years. Le Yerrier pronounced this 
comet probably identical with one which appeared in 1678. 

350. LexeWs Comet. In the year 1770, a remarkable comet ap- 
peared, moving in an ellipse with the short period of 5| years. 
By tracing back its motion, it was found that, early in 1767, it 
was very near to Jupiter, and that previous to that time it had 
been moving in an orbit requiring 50 years for a revolution. This 
ohange in its orbit was produced by the action of Jupiter. Again, 
in 1779 the comet passed so near to Jupiter that his attraction for 
it was 200 times greater than the Sun's, in consequence of which, 
its orbit was changed into one of long period. Some siq>pose that 
this comet and Faye's are Mentical. 

851. The Great Comet of 1843. Of all the comets of recent 
years, no other has excited so much astonishment as did the one 
known as the Great Comet of 1848. It was first seen in many 
parts of the world on the 28th of February, in the day time, as a 
brilliant body quite near the Sun. Its distance from the nearest 
limb of the Sun, as measured with a sextant at 3 o'clock P. M. 
was 8^ 86^. Soon after this it became visible after sun set as a 
very conspicuous object in the southwest. The apparent length 
of its tail varied from 50^ to 70^, and the greatest real length waa 
^ about 110 millions of miles. It continued visible to the naked 
eye but a short time, and the last telescopic observation of it was 
made on the 10th of April, at the Philadelphia High School Ob- 
servatory. This comet passed its perihelion on the afternoon of 
the 27th of February, at which time it almost grazed the Sun's 
disc, being only 580,000 miles from his centre. According to the 
computations of Sir John Herschel, the heat it received when it 
was nearest the Sun must have been 47,000 times that received 
by the earth from a vertical sun. This will account for the in- 
tense brilliancy of this comet on the 28th of February. 

The probable identity of this comet with that of 1668 is gene* 

I rally admitted by astronomers. 
Q 

Digitized by VjOOQIC 



CHAPTER XYIIL Igg 

however, the first magnitude may be regarded as restricted to 18 
or 20 principal stars ; the second, to 50 or 60 next inferior ; the 
third, to about 200 yet smaller ; and thus on, the number in each 
class increasing rapidly as we descend in the scale of brightness. 
The number of stars in the first seven magnitudes, amounts, all 
together, to nearly 20,000. The whole number of stars visible 
with the best telescopes is not known ; but it must amount to several 
millions. 

The number of stars distinctly visible to the naked eye, is less 
than is generally supposed by those who only judge from the im- 
pression made, when viewing them on a fine evening. The number 
thus visible, at the same time above the horizon, does not greatly 
exceed a thousand. All the stars visible to the naked eye, with 
some others, are represented on celestial globes of 12 or 18 inches 
in diameter.* 



* Students of astronomy who can hare the use of a celestial globe, or celestial 
atlas, ought to make themselves familiar with the principal stars and constellations. 
To rectify ^^ globe for this purpose, let the frame which supports it, be placed by 
estimation, or by the compass which is sometimes attached, so that the north and 
south points marked on its upper surface, called the horuon of the globe, may 
correspond to the north and south points of the horizon or nearly so. Then, let 
the brass ring in which the globe is suspended, called the meridian of the globe, 
be slid in its support, till the north pole of the globe, which is that situated in the 
eonstellatioii of Ursa Minor, is elerated abore the northern point of the horisoaby 
an arc equal to the latitude of the place. 

Find the day of the month on the horizon, and the corresponding point in the 
contiguous graduated circle wiU be the sun*s place in the ecliptic. Find this place 
im the ecliptic marked on the globe, and bring it to the graduated side of the me- 
ridian. Keeping the globe in this position, set the index placed at the north pole, 
to 12 on the hour circle around the pole ; or if the globe has a moreable brass 
hour circle instead of an index, bring 12 on this hour circle to the gpraduated side 
of the meridian. Then turn the globe westwardly till the index points to the hour 
at which the globe is to be used ; or when there is no index, till the hour on the 
brass hour circle comes to the gpraduated side of the meridian. The positions of 
the stars represented on the globe, will then correspond to th^ positions in the 
hearens ; so that if a straight line be oonceired to be drawn from the centre of the 
gbbe through tiie places of the stars marked on its surface, they will point to the 
stars themselTes. 

Kendall's Uranography and Atlas, Rerised Edition of 1854, is a work adapted 
to giTc the astronomical student a satisfactory knowledge of the sidereal hea- 
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864. BelaHvet^htof 8kirs of the different magnitudei. Aooord- 
ing to the present classification of the stars, the light of an arerage 
star of the second magnitude, is about one fourth that of an 
arerage star of the first magnitude. For the oth^r magnitudes, 
the light of a star of one magnitude is regarded as abont half th^t 
of a star of the next higher magnitude. There is, however, con- 
siderable variety in the brightness of stars, that are classed as of 
the same magnitude ; especially those of the first magnitude. The 
light of Sirins, the brightest star in the heavens, is regarded as 
being from 15 to 20 times as great as some of the stars of the first 
magnitude ; and more than 800 times as great as an average star 
of the sixth magnitude. 

855. Distribution of the etars* The stars appear to be very 
unequally distributed over the heavens. This is observable by the 
naked eye, and becomes still more apparent by means of the tele- 
scope. There are various spaces which are faintly luminous, 
shining with a pale white light. Many of these, on applying tele- 
scopes of sufficient power, are found to consist of multitudes of 
small stars, distinctly separate, but very near to one another. 
These are called Nebulas. The well known space called the milky- 
wayy is of this kind ; and there are some others visible to the naked 
eye. In some of the nebulsd or clusters, the number of stars 
crowded into a small space, is immensely great. According to the 
estimation of Sir J. Herschel, there are some which contain more 
than ten thousand stars in a space that would be covered by a tenth 
part of the moon's disc. Again, there are many spaees, some of 
considerable extent, in which but few stars are seen, even with the 
best telescopes. 

856. Clustere of ttars and nebulas. The beautiful cluster of 
stars called the PleiadeSy in which six or seven are readily discerni- 
ble by the naked eye, exhibits within the small space they occupy, 
fifty or sixty conspicuous stars, when viewed with a telescope of 
moderate power. The constellation called Coma Berenieee^ is 
another group more diffused, and composed of larger stars. 

In the constellation Cancer^ there is a luminous spot or nebula 
called Prceeepe^ or the bee-hive, which a telescope of moderate 
power resolves entirely into stars. In Perseue^ is another spot 
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eroiv^ded iHtli sttai, wUoii become sepsrately vudble with a good 
tekflcope. 

Most of the nebnlse, however, require a very powerful tdescope 
to resolve them into stars ; and there are many whieh have never 
been thus resolved, thej being, it is probable, differently constituted. 
A prominent one of this class is situated near the star » in An- 
dromedm. It is visible to the naked eye, and has, from its appear- 
ance, often been mistaken for a comet. It should be remarked that 
many of the most prominent objects hitherto regarded as belonging 
to the class of irresolvable nebulae, have recently, by the aid of 
the gigantic telescope of Lord Bosse, been resolved into stars. 

857. Variahle stars. Some stars undergo periodical dianges in 
their bri^tness, and are, therefore, called variable stars. One of 
the most remarkable of this class of stars, is Miray or o Oetij which 
was discovered to be variable in the latter part of the 16th centu-* 
ry. When brightest, it is of the second magnitude, and continues 
to e^bit nearly the same appearance for about three weeks. It 
then decreases, and in about two months ceases to be visible to the 
naked eye. After remaining thus invisible for six or seven months, 
it again appears, and in the course of six or seven weeks, is re- 
stored to its former brightness or nearly so. These periods, and 
also the greatest brightness of the star, are, however, subject to 
some variations. The average period of all the changes is about 
11 months or, more exactly, 832 days. At the times of the least 
light of the star, it is frequently invisible, even with good telescopes. 

Another very remarkable variable star is Algols or /3 Perseij 
which was discovered to be such, in the latter part of the last cen- 
tury. It is usually of the second magnitude ; but, after having 
continued so, during a period of about 60 or 61 hours, it suddenly 
decreases, and is reduced in about 4 hours to the fourth magni- 
tude. Continuing thus, about a quarter of an hour, it then in- 
creases, and in about 4 hours more, it regains its usual magnitucfe. 
The period of these changes is 2d. 20 h. 48m. 58.5 sec* 

* Aeoording to the obBerration of Professor Argehmder, % Qerman Astronomer, 
given in the Astr. Naoh., Nos. 416 and 417, the star e Ceti had its greatest bright* 
ness in the year 1840, abont the 8d of October ; and the star ji Persei, on the 22d 
of Deoember in that year, had its least brightness at 9 h. 50} min., mean time at 
Greenwich. With these epochs and the periods giyen abote, the times of the 
q2 24 
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There are more than twenty other stars known to be variable to 
a greater or less extent ; some of which have but recently be«i 
discovered to be so. The periods of the changes vary from a few 
days to more than a year. 

358. Temporary Stars. Several instances are recorded of stars 
suddenly appearing, some of them of great splendour, where none 
had before been observed ; and there are several stars noted in 
some of the ancient catalogues, that cannot now be found. One 
of the most noted of these temporary stars broke forth with great 
brilliancy on the 11th of November, 1572, in the constellation 
Cassiopeia^ and was attentively observed by Tycho Brahe, the 
celebrated Danish astronomer. It was then as bright as Sirius, 
and increased in splendour so as to become distinctly visible at mid- 
day. It began to diminish in December of the same year, and in 
March 1574, it entirely disappeared. 

In the years 945 and 1261, a brilliant star appeared in the same 
region of the heavens with that of 1572. Some have thought it 
must have been the same star that appeared in each of these years, 
and that it was, therefore, a variable star with a period a little 
over 800 years. 

On the 27th of April, 1848, Mr. Hind of London, discovered a 
new star of the sixth magnitude, in the Serpent Bearer, which in- 
creased in brightness for a few days, then began to wane, and 
disappeared in less than two years. On the 5th of April, Mr. Hind 
had examined that part of the heavens with care, and was certain 
that at that time no star as bright as the ninth magnitude existed, 
where this one of the sixth was found three weeks later. 

859. BotihU Stars. Many stars which when viewed with the 
naked eye or with telescopes of small power appear single, are by 
means of those of larger power resolved into two, three, or more 
stars distinctly separate but very near to one another. These are 
called double or multiple stars. Some of these are resolvable into 
separate stars by a telescope of moderate power, as Castor in the 
twins, which consists of two stars nearly equal, both being between 

greatest light of the former star and least light of the latter, may be approzi- 
matelj determined for a few subsequent years. 
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the third and fourth magnitudes, at the cUstance of 5'^ from each 
other. Many of them, however, require for their separation, a 
telescope of the superior class, and serve as good objects to test its 
perfection. 

The individual stars forming a double star, are mostly very un- 
equal in magnitude ; and many of them exhibit the curious phe- 
nomenon of contrasted or complementary colours, that is colours 
which if combined would form white light. In such instances, the 
larger star is usually of a ruddy or orange hue, and the smaller is 
blue or green.* In the beautiful double stars a Herculis, and 
y AndromedsB, which may be separated by a telescope of moderate 
power, this contrast is finely exhibited. 

360. Binary Ham or systems. Sir W. Herschel was the first 
that gave much attention to the subject of double or multiple stars. 
He observed a large number, and noted the distances by which the 
individual stars were separated, and their relative positions. Con- 
tinuing and repeating his observations, he found that the distance 
and relative positions of these component stars were subject to slow 
but progressive changes. After having had his attention, fre- 
quently, thus directed for more than twenty years, he at length 
ascertained and announced the striking and interesting fact, that 
several, at least, of the double stai*s formed systems, in which one 
of the individuals revolved round the other, or rather, both round 
their common centre of gravity. These have received the appella- 
tion of binary stars or binary systems^ to distinguish them from 
the other double stars whose apparent proximity probably proceeds 
from one being situated nearly behind the other, without their 
having any physical connection. 

There are fifty or more of the double stars which are now known 
to form binary systems; a few of the more prominent of these are, 
CastoTj or a Geminorum, y Virginis, i Urs«, a and f Herculis, 9 
and n Coronas, f Cancri, and 61 Cygni. 



* This probably depends on the well known opiic*l fact, that when the retina 
of the eye is excited by any bright colour, a feeble light, which if s^n by itself 
might appear white, is affected with a tint complementary to that of the stronger 
light 
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Independent determinfttions of this point hare also been made 
by Strave, Lnhndahl uid Gralloway, all obtaining nearly the 
«ame result. According to the calculations of Struve, the Telocity 
with which the Solar System is moying, is about half as great as 
that of the earth in its orbit. 

868. AnntuU parallax of the %tars. The annual parallax of 
a star is the angle contained between two straight lines, con- 
ceiyed to be drawn from the star, one to the sun, and the other 
to the earth, when the earth is in such a part of its orbit that its 
radius vector is perpendicular to the latter line ; or, in other words, 
it is the greatest angle at the star, that can be subtended by the 
semidiameter of the earth's orbit. 

For each star, however situated, there must, it is evident, be 
some two opposite points of the earth's orbit, for each of which, 
the radius vector will be perpendicular to the right line joining 
the star and sun. The positions of the stars as seen from the 
earth, when at t|iese points, must, therefore, differ by twice the 
annual parallax of the star. Hence, as the parallax must affect 
the right ascension and declination of the star, if these be observed 
when the earth is near these points, or in other favourable situa- 
tions in its orbit, the parallax of the star may be determined, 
unless it is so small as to be within the limits of the probable 
errors of observation and the necessary corrections. Numerous 
observations, by several eminent astronomers, have been made for 
this purpose on some stars, which, from their apparent size and 
brightness, were supposed to be at a less distance than the gene- 
rality of the stars. The results of these observations have been, 
that the parallax in each case was too small to be obtained with 
certainty by this method. 

The apparent largeness or brightness of a star, is not, however, 
necessarily the most oertain indication of its comparative proximity 
to the earth. A considerable proper motion produced by the 
motion of the SoImt System (362), and, in case of a binary stat, 
l«rge apparent orbits, are probably stronger indications. Professor 
Bessel of Konigsberg, therefore, made two entirely distinct series 
of observations on the binary star 61 Cygni, which has a largo 
proper motion, amounting to b" a year, and the components of 
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which are about 16^' distant from each other. Instead of obsenr- 
bg right ascensions and declinations, he measured with an ex- 
cellent heliometer the distances from two contignons, small, sta- 
tionary stars, and thereby avoided the small errors to which the 
corrections for refraction, aberration and nutation are liable. The 
first series of observations gave, for the annual parallax of 61 
Cygni, 0''.3186; and the second gave 0''.3488, differing only 
about ^9 of a second from the former. 

The parallaxes of several other stars have since been determined, 
but that of 61 Cygni is considered by far the most reliable. The 
results will be found in the following table, of which the third 
column contains the distance from the sun in millions of millions 
of miles ; and the fourth, the time the light occupies in passing 
from the star to the earth. 



Sttf. 


Parallax. 


IMstaiiee. 


?iifSt 


Author. 


« CenUnri 


0."918 


21 


8.64 jw. 


Henderson. 


61 Cygni 


0."848 


66 


9.28\" 


BeaseL 


mhjrm 


0/'261 


76 


12.88, " 


StTOTe. 


Sirius 


0."280 


86 


14.04; •« 


Henderson. 


/l880 Groombridge 


0.148 


182 


21.80 " 


Peters. 


KiVnmUti. 


O/'ISS 


147 


24.80 " 


Do. 


Arotunia 


0.'a27 


164 


26.48'^" 


Do. 


Polarii 


0."067 


292 


48.20 ^ " 


Do. 


CftpeUft 


0."046 


426 


70.00- " 


Do. 



864. Di$tances of the 9tar$. When the annual parallax of a 
Star has been determined, its distance becomes at once known ; it 
being, in terms of the earth's distance from the sun, equal to the 
quotient of 206264^^8 (App. 51), divided by the annual parallax. 
Thus, taking 0''.3.483 for the annual parallax of 61 Cygni, its dis- 
tance is found to be about 592,000 times the distance of the earth 
from the sun. This is a distance so immense, that light, which 
moves with the amazing velocity of 192,000 miles in a second, would 
require more than nine years to come from the star to the earth. 
Yet, inconceivably great as this distance is, there are observable 
stars, whose distances are probably more than a hundred times as 
great, and the light of which would require more than a thousand 
years to traverse the space which separates them from the earth. 

865. Catalogues of 9tar$. Some of the most noted catalogues 
are, Bode*s Catalogue and Atlas, containing the positions of 17,000 
stars ; Professor BesseFs Catalogue of 3222 stars, deduced from 
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observations made by Bradley, at the Royal Observatory, Green- 
wich ; Piazzi's Catalogue of 7646 stars ; and the Catalogue pub- 
lished by the Astronomical Society in their Memoirs, containing 
2861 stars. In this last Catalogue, the mean right ascensionst and 
declinations are given for the 1st of January, 1880 ; and they 
contain for each star, certain constant logarithms, by means of 
which, with other logarithms depending on the positions of the sun, 
moon and moon's node, given in the Nautical Almanac for each 
day in the year, the true apparent place of any of these stars, may 
be found, for a given time, with great facility. 

Under the direction of the British Association, the Catalogue 
of the Astronomical Society has been revised and extended, so as 
to include 8877 stars, with the mean places reduced to the year 
1850. 



CHAPTER XIX. 

DEPFBRBNT METHODS OF FINDING THB LONGITUDE OF A PLACE. 



Q-eneral remarks. The determination of the 'difference 
of longitude between two places, consists in finding the difference 
between the times reckoned at these places at the same instant of 
absolute time (68). When this has been done, if the longitude of 
one of the places is known, that of the other becomes also known. 
The method of finding the longitude of a place by means of a chro- 
nometer, has already been given (65). It is very simple, and is 
extensively used at sea. But as a chronometer is liable to change 
its rate of going during the voyage, especially if it is a long one, 
it is not safe to depend on this method alone. 

867. Lunar method of finding the longitude. The lunar me- 
thod is that by which the longitude of a place is found, from the 
measured angular distance of the moon from the sun, a star, or 
planet, situated nearly to the east or west of her place, at the time 
of observation. As the moon's motion is about half a degree an 
hour, she must change her angular distance from a body thus 
situated, at that rate, or nearly so. Hence, if the moon's true 
angular distance from the body at any instant, and also the time, 
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be obtained from observations at any place, and the time at the first 
meridian, when the moon has this true angular distance from the 
body, be found, the longitude becomes known. The Sun, Yenus^ 
Mars, Jupiter, Saturn, and nine stars situated contiguous to the 
goon's path, have been selected for observations of this kind. In 
the Nautical Almanac, the moon's computed true angular distances 
from several of these bodies, are given for each three hours, Green- 
wich time, of every day in the year ; and also proportional loga- 
rithms, by which the distance for any intermediate time, or the 
time corresponding to an intermediate distance, may easily be ob- 
tained. 

To apply this method, the distance of the enlightened limb of the 
moon, from the nearest limb of the sun, or, from one of the other 
bodies given in the Nautical Almanac, for the day, is measured 
with a sextant, and the time of observation noted. The altitudes 
of the moon and other bodies, at that time, are also observed with 
a quadrant or sextant by two assistants.'*' From these observations, 
the true distance of the moon's centre from that of the body, cor- 
rected for refraction, parallax and semidiameter, may be deduced, 
by methods given in treatises on Navigation.f When the true 
distance has been obtained, and then the time at Greenwich, cor- 
responding to this distance, the difference between this time, and 
the time of observation, will be the longitude of the place ; which 
will be eoit or toe^t according as the Greenwich tiipe is earlier or 
later than the time of observation. 

This method of finding the longitude, is of great importance to 
the mariner, as all others, with the exception of that by the chro- 
nometer, require observations that cannot be made at sea. 

368. Longitude hy moon culminating stars. Certidn stars situ- 
ated contiguous to the moon's path and passing the meridian at 
short intervals before or after the moon, are called moon cuimtnat- 
ing stars. The moon's right ascension increases on an average a 



* The obserratioiis may be made by one person, by first taking the altitndee, 
then the distance, and afterwards the altitades again. From the two sets of altl- 
lodes, their Talnes at the time of taking the distance may be obtained with snfli- 
oient accnraoy* 

f Pr. Bowditch's Natigation contains sereral of the best methods. 
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liltle more than hUf a degree, or two minittea in time durmg a 
aidmreal homr, that k, daring the interval that elapses from the 
time a star is on the meridian of any place till it is on the meri- 
dian of a place whose longitnde is 15° or one hour west of the for- 
mer. Hence, the intervals between the passages of the moon and 
a star over the meridians of two places differing an hour in longi- 
tude mnst differ about two minutes ; and for other differences of 
longitude there must be a proportional difference in the intervals. 
It follows that, if the intervals between the passages of the moon 
and a star over the meridians of two places be accurately obtained 
by observations, the difier^&ces of their loaj^tudes may be easily 
found by means of the moon's hourly vsriatien in right aaoenskxi 
at the period of observation. 

The Nautical Almanac contains a taUe in whidi are given for 
each day in the year, except a few near the times of new moon, 
the apparent right ascensions of sevwal of the mom culminating 
stars, the apparent right ascension of the moon's enlightened limb 
at the instant it ia on the meridian of Greenwich, and the hourly 
variation in the right ascenmon of the limb at that time. The dif- 
ference between the right ascennon of the star and the enl^htened 
limb of the moon, is the interval between the paaaages of these over 
the meridian of Greenwich. From the coiBputed interval for 
Greenwich, and the observed iMerval at any Other place, the lon- 
gitude of tiie latter may be obtained, but not with as much pred- 
Bion as firom two observed intervals. 

369. Determination of the hngitude of a place from ebeerMh 
ttont of an Helipee of the /SWn, er qf an OeeuUation. The tines 
of the beginning and end of an edipse of ihe sun, er of an oecol- 
tation of a star or planet, at any place, depend on the position of 
the place. Assuming the computed places of tiie bodies to be ac- 
curate, we may, from the carefully observed time of beginning or 
end of Bsi eclipse or occultation at any place whose htitsde is 
known, determine the corresponding time at the first mmdkn, and, 
consequMitly, the longitude of the plaee. If tiie phenomenon is 
also visible luid the times of beginning and end are observed at 
fdaoes whose positions are accurately known, the determination of 

longitude by tins means may be rendered nearly free from Jiny 
R 26 
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errors in the tabular places of the bodies. The investigations of 
formulae for making the requisite computations will be giyen in the 
appendix. 

370. Ltrngitude by the Uclipses of Jupiter' $ SateU%te%. This 
method of finding the longitude of places has been already noticed 
(321). Although it is not so accurate as several others, its great 
simplicity, and the frequency of the occurrence of these pheno- 
mena, render it very conyenient for approximate determinations of 
the longitude. 

871. Determinatwn of longitude by meam of the Electric Te- 
legraph. The Electric Telegraph affords the most direct and by 
far the best means of determining the difference of longitude be- 
tween two places connected by it. This method has been exten- 
sively employed by Professor Bache, Superintendent of the Coast 
Survey, and with great success. • The differences of longitude be- 
tween Boston, New York, Philadelphia, Washington, and several 
other important points, have been determined with an unprecedent- 
ed degree of precision. In the progress of these experiments the 
process has attained a high degree of perfection, and now consists 
in having an Astronomical Clock so connected with the Telegraph 
apparatus that each Vibration of its pendulum either closes or 
breaks the galvanic circuit, so that the beats of the clock are 
transmitted through the entire line of telegraph. The beats of 
the clock are, moreover, recorded by the Jtegister, on the fillet of 
paper, by dots at equal intervals ; the space between two consecu- 
tive dots corresponding with a second of time. The date of any 
event may then be recorded by simply touching a key, in obedience 
to which the register makes a dot upon the graduated fillet of 
paper. The position of this dot between two of the seconds dots 
determines the fraction of a second with much greater accuracy 
than can be obtained in any other way. Provided with such an 
apparatus, the observer at the most eastern station records the 
time of the culmination of a certain star, by striking his telegraph 
key as it passes successively over each wire of his transit instru- 
ment. When the same star arrives at the meridian of the western 
station, the observer there goes through the same operation. 
Thus, the times, by the same clock, of the transits of the star over 
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die two mmdiaiis, are recorded upon the same paper. The differ- 
esiee between these times, after allowing for the rate of the clock, 
will eyidently be the difference of longitude. This result will be 
independent of every important scarce of error except that of the 
imperfect adjustment of the transit instruments, the effects of 
which may be completely eliminated by a combination of several 
observations made with the instruments in different positions. 



CHAPTER XX. 

OF THE TIBBS. 



372. Definitions. The alternate rise and fall which take place 
in the surface of the ocean, seas, bays and contiguous rivers, twice 
in the course of each lunar day, or of 24h. 51m. mean solar time, 
are called the Tides. When the water is rising it is said to be 
flood tide, and when it is falling, ebb tide. When the water is at 
its greatest height it is said to be high water, and when at its least 
height, low water. 

The swell in the waters of the ocean is called the tide wave, or, 
sometimes, the primitive tide wave ; and that in a contiguous bay 
or river, proceeding from the former, is called a derivative tide 
wave. A curve line along the summit of the tide wave, or through 
different points or places that have high water at the same instant 
of time, is called a cotidal line. 

373. Causes of the tides. The earth in its revolution round the 
sun is continually drawn, by the attraction of the moon, slightly 
aside from the place at which it would be, if this attraction did not 
exist. If the earth was entirely solid, all parts of it would neces- 
sarily be drawn aside to the same extent. But as the moon's at- 
traction decreases in the same ratio that the square of the distance 
increases, and as a large portion of the external part of the earth 
is composed of water, which can yield to forces unequally impressed 
on it) it is evident that all parts will not be drawn aside equally. 
The portion of water nearest the moon, being most attracted^ 
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win 1)6 drawn fSurther IJian the central and solid parts at the eartk, 
and the central part farther than the opposite watery surface. 
Hence, the distance of tiie surface of the water from the centre 
of the earth mnst be increased, that is, there mnst be high water, 
both on the side of the earth nearest the moon and also on the op- 
posite side. But a swell in the waters of some portions of the 
earth cannot take place without a corresponding depression in 
other portions. This depression, it is obyions, most be greatest in 
the yicinity of the great circle midway between the portions of the 
earth nearest the moon and most remote from her, and it must 
there be low water. 

The sun's action must also produce similar effects. But al- 
though his whole attraction on the earth is far greater than the 
moon's, yet, as his distance is nearly 400 times that of the moon, 
the ineqtiality of his attraction at the surface and centre is less ; 
and consequently, his influence in producing a tide is also less. 
The height of the solar tide is only about <me third of that of the 
lunar tide. 

In the open ocean, the average rise and fall of the tides, or 
height of high water above low water, is about 2^ feet. 

874. Spring and Neap Tides. At the time of new moon, the 
attractions of the sun and moon are nearly in the same direction, 
and their actions are, therefore, united in producing the tides. 
They are also united at the time of full moon, when the moon is 
in opposition ; for each body produces a tide not only on the side 
of the earth nearest it, but also on the opposite side (864). Hence, 
at the times of the syzygies, the tides must rise above their ave- 
rage height. The tides occurring at or near these times are called 
spring tides. 

At the times of the qoadratui^s, the action of the sun tends to 
produce low water, where that of the moon produces high water, 
and the contrary. The tides occurring at these times will not, 
therefore, rise to their average height. These are called neap 
tides. 

As the greatest effect of a varying action does not take ptade &t 
the instant the action itself is greatest, but some time afterwards, 
BO it is widi tiie tides. 19ie most marked spring and neap tides 
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oeeor sboirt a day and a half after the times of the syz jgies and 
quadratures. 

The effects of the separate actions of the son and moon, being 
nearly as 1 to 8, their joint effect most be to their effect when 
acting in opposition to each other, nearly as 4 to 2. Hence, the 
height of the spring tides above the medium surface of the water 
must be about double that of the neap tides. This result is con- 
firmed by observation. 

875. Pertgean and Apogean Tides. The moon's influence in 
producing ^e tides, must evi<kntly be greatest when her distance 
from the earth is least, and least when the distance is greatest. 
Consequently, other circumstances being the same, the tides will 
be higher a short time after the moon is in perigee, and lower, a 
short time after she is in apogee, than at other times. 

Unusually high tides occur, when the moon is in perigee, at or 
near the time of a new or full moon. 

The variation in the earth's distance from the sun, has also a 
slight influence on the height of the tides. 

876. JEffect of the moon* a declination on the tides. The height 
of the tide at a given place is influenced by the declination of the 
moon. When the moon has no declination, the highest tides must 
evidently occur along the equator ; and the height must diminish 
from thence towf^rds the north and south. When she has north 
declination, the highest tides on the side of the earth next the 
i^oon, will be at places having a corresponding north latitude, and 
on the opposite side, at those which haye an equal soutili latitude. 
From these parallels of latitude, the height of the tide will gra- 
dually diminish to the north and south. It therefore follows, that, 
when the moon's declination is north, the height of the tide at a 
place in north latitude will be greater when the moon is above the 
horizon than when she is below it ; and at a place in south lati- 
tude it will be just the reverse. This is illustrated by Fig. 55, in 
which the exterior curv^ is an exaggerated representation of the 
oval form of the curve through the summit of the tide wave, oc 
the supposition that the whole earth is covered by water. 

When the moon's declination is south, the whole is reversed. 
The tide at a place in north latitude is then higher when the mooc 
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is below the horizon than when she is above it ; and at a place in 
south latitude it will be just the contrary. 

377. Position and motion of the tide wave. The full effect of 
the moon's action at any place, occurring after her passage over 
the meridian, the tide wave or cotidal line in the open ocean is 
always to the east of the moon, and generally at the distance of 
about 30°. It must, therefore, have a westwardly motion, follow- 
ing the moon in her apparent diurnal motion round the earth ; and 
it would thus, if the whole earth was covered with water, make a 
complete circuit in the course of a lunar day. This motion of the 
tide wave is not, however, a continued forward motion of the same 
portion of water, but merely an undulation of successive portions. 

It follows from the preceding, that in the open ocean it must be 
high water about two hours after the moon's passage over the meri- 
dian. This is, however, subject to some variation, depending on 
the relative positions of the sun and moon. 

378. Tides not perceptible in lakes and inland seas. As the 
tides result from the unequal actions of the sun and moon on dif- 
ferent parts, it requires a great extent of surface to render them 
sensible. No perceptible tides are, therefore, observed even in 
the largest lakes of this continent or in the inland seas of the eas- 
tern continent. 

379. Tides in lays, rivers, ^c. The tides in bays, rivers, nar- 
row seas, and generally on shores far from the main body of the 
ocean, are not produced by the direct actions of the sun and moon, 
but are derivative waves propagated from the great tide wave. 
These derivative waves are usually attended by a current, which 
in some situations is quite rapid. Its velocity is, however, far less 
than that of the tide wave. 

The interval between the moon's passage over the meridian, and 
the time of high water at places situated on the shores of conti- 
nents, or on bays and rivers, depends principally on the distances 
the derivative tide waves have to pass, and on the less or greater 
obstructions to their motions, resulting from shoals and indenta- 
tions of the coast. It is, therefore, very different at different 
places. At tne same place, however, this interval has a mean 
value, from which it seldom deviates more than an hour; the devia* 
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tion depending mainly on the moon's position with reference to 
die son. 

880. E%tablishment of a part. The mean interval between the 
moon's passage over the meridian and high water at any port on 
the days of new and full moon, b called the eBtablUhment of the 
port. When, by careful observations at any port or other place 
on tide water, the establishment has been determined, the time of 
high water at that place, on any given day, may be easily com- 
pnted. This is done by adding the value of the establishment to 
the time of the moon's passage over the meridian, obtained from 
the Nautical Almanac, and then applying the correction due to 
the moon's position with regard to the sun. The correction is 
obtained from a small table calculated by a formula deduced by 
Laplace."^ 

881. Ri»e of the tides at different places. The rise of the tide, 
or difference between the heights of high and low water, is very 
different at different places, being affected by various local causes. 
Thus, at New York, the mean rise of the spring tides is about 5ft. ; 
at Boston, lift. ; at Brest in France, 19ft. ; at Bristol in England, 
42ft. ; and at Cumberland at the head of the Bay of Fundy, 71ft. 

According to Professor Whewell, the great tide wave of the 
South Atlantic Ocean moves northwardly along the coast of North 
America to the mouth of the Bay of Fundy, where it is met by 
another tide wave, moving in the opposite direction ; this accounts 
for the extraordinary high tides in that Bay. 

The height of the tides in many situations is considerably influ- 
enced by the direction of the wind on the coast, especially when 
it is strong, and continues for a length of time in the same 
direction. 

882. Unit of altitude. The unit of altitude of a place, is the 
mean rise of the spring tides at that place, that is, it is the rise of 
the tide about a day and a half after the syzygies, on the supposi- 

* Tb« theory of the tides, » subjeet of great diffieultj, has been riaboreteljr 
treated by Laplace in the 4th Book of the M^anique Create. The formula referred 
to, is contained in the 42d sect of the 8d chap, of the book. 

The table of corrections and another table containing the establishment of th« 
pert for Tarions places, are giTcn in treaUses on Narigation. 
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88ft. Julian Tear. It ia evident that the reokoBing by die Ja< 
lian calendar cmpposes the length of the year to be 865^ dayf. 
A year of thia length is called a Julian Year. A Julian year, 
therefore, exceeds the true astronomical year by 11m. 128ec. This 
difference amoimts to about 3^ days in the course of 400 years. 

886. Ghregorian Calendar. At the time of the Council of 
Nicey which was held in the year 825, the vernal equinox fell on 
the 21st of March, according to the Julian calendar. But by the 
latter part of the 16th century, in consequence of the excess of 
the Julian year above the true solar year, it came ten days earlier, 
that is, on the 11th of March. It was observed that, by continu* 
ing to reckon according to the Julian calendar, the seasons would 
fkll back, so that in process of time they would correspond to quite 
£fierent times of the year. This reckoning also led to irregu* 
larity in the times of holding certain festivals of the church. The 
subject, claiming the attention of Pope Oregory XIIL, he, with 
the assistance of several astronomers, reformed the calendar^ To 
allow for the 10 days, by which the vernal equinox had fallen back 
from the 21st of March, he ordered that the day following the 4th 
of October, 1582, should be reckoned the 15th instead of the 5th. 
And in order to keep the vernal equinox to the 21st of March, in. 
future, it was concluded that three intercalary days should be 
omitted every four hundred years. It was also concluded that the 
omission of the intercalary days should take place in those centu- 
rial years, the numbers of which were not divisible by 400. Thus, 
the years 1700, 1800, and 1900, which, according to the Julian 
calendar, would be bissextile, would, according to the refoimed 
calendar, be common years. 

The calendar, thus reformed, is called the Ghregorian Calendar. 
It is easy to perceive, by a short calculation, that time reckoned 
by the calendar, agrees so nearly with that reckoned by true solar 
years, that it will require 8600 years to produce a difference of 
one day. 

887. Adoption of the Ghregorian etHendar. The Gregorian 
calendar was at once adopted in Catholic countries ; but, in those 
where the Protestant religion prevailed, it did not obtain a place 
till some time after. In England and her colonies, it was not in- 

26 
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troduoed till the year 1752."^ It is now used in all Christian coim- 
tries except Russia. 

888. Old and New Styles. The Julian and Gregorian calendu^ 
are also designated by the terms Old Style and New Style. In 
consequence of the intercalary days, omitted in the years 1700 
and 1800, there is now 12 days difference between them. 

889. Months. The year is divided into 12 portions, called ca- 
lendar months. Each of these contains either 30 or 81 days, 
except the second month, February, which in a common year con- 
tains 28 days, and in a bissextile, 29 days ; the intercalary day 
being added at the last of this month. 

890. Dominical Letter. It was formerly customary to desig- 
nate the days of the week in the calendar, by the first seven letters 
of the alphabet, always placing them so that A corresponded to 
the first day of the year, B to the second, C to the third, D to the 
fourth, E to the fifth, F to the sixth, G to the seventh, A to the 
eighth, B to the ninth, and so on. According to this arrangement, 
whatever letter designates any given day of the week in the first 
part of the year, continues to designate the same throughout the 
year. The letter designating the first day of the week, or Sunday, 
is called the Dominical Letter. 

As a common year consists of 865 days, or 52 weeks and 1 
day, the last day of each common year must fall on the same day 
of the week as the first, and the next year must commence one day 
later in the week. Consequently, the day of the week which was 

* At this time there wu a difference of 11 days between the Julian and Grego- 
rian calendars, in consequence of the suppression, in the latter, of the intercalarj 
day in 1700. It was, therefore, enacted by parliament, that 11 days should be 
left out of the month of September, of the current year, 1752, by calling the day 
following the 2d of the month, the 14th, instead of the 8d. 

PrcTious to this, years commencing at two different times had been in use in 
England. The hittorieal year commenced on the Ist of January, as at present 
But the dvU or legal year commenced on the 25th of March. Dates in the inter- 
val between these times, were frequently expressed by naming both years. Thus, 
in books printed prior to 1752, we often meet with dates expressed as foUows: 
Feb. 2d, 1735-6, or 178f . The same act that introduced the Gregorian calendar, 
established the 1st of January, as the commencement of the ciril, as well as of the 
hittorioal year. 
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number of the dominical letter. In bissextile years, tbe dominical 
letter thus obtained is that f<Hr the last ten months of the year. 
The dominical letter for the first two months is the next following 
letter in the alphabet. 

Delambre, in the 88th chapter of his Astrcmomy, has given the 
investigation of a formula for finding the dominical letter in any 
century, according to the Ghregorian calendar. 

392. Solar Cycle. The Solar OycU is a period of 28 years, in 
i^hich, according to the Julian calendar, the days of the week return 
to the same days of the month, and in the same order. The first 
year of the Christian era was the 10th of this cycle. Consequently, 
if 9 be added to the number of any year, and the sum be divided by 
28, the remainder will be the number of the year of the solar cycle. 
When there is no remainder, the year is the 28th of the cycle. 

898. Lunar Oyele. The Lunar OycUy or, as it is sometimes 
called, the Metonic OyeUy is a period of 19 years, in which the 
conjunctions, oppositions, and other aspects of the moon, return on 
the same days of the year. The synodic revolution of the moon 
being 29.5305885 days, 235 revolutions are 6939.688 days; which 
differs only an hour and a half from 19 Julian years. The number 
by which the year of the lunar cycle is designated, is ifrequently 
called the Golden Number. 

The first year of the Christian era was the 2d of the lunar cycle. 
Hence, to find the year of the cycle, for any given year, add 1 to 
the number of the year, and divide by 19. The remainder ex- 
presses the year of the cycle. If nothing remains, the year is the 
19th of the cycle. 

394. Cft/cle of the Indiction. The Oycle of the Indiction is a 
period of 15 years. This period, which is not astronomical, was 
introduced at Rome, under the emperors, and had refM'ence to 
certain judicial acts. 

To find the cycle of the indiction for a given year, add 3, and 
divide by 15. ^e remainder expresses the year of the cycle. 

895. JuUm Period. The Julian Period is a period of 7980 
years, obtained by tal^ipg the continued product of Uie numbersi 
88, 19, and 16 After one Julian period, the difierent cycles of 
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tlie son, moon, and indictioii, return in the same tMrder, do as to be 
JQst the sanye m a given year of the period, as in the same ycto of 
the preceding period. The first year of the Christian era was die 
4714tli of the Julian period. Henoe, if 4718 be added to tiie num- 
ber of a giv^n year, die result will be tiie year of 'the JiSdian period. 

896. JEp(xct. The Sptict^ as an astronomical term, is the ttiean 
age of the moon at the commencement of a year, or, in other 
words, it is the interval between the cfommencetnent of the year 
and the time of the last mean nfew moon ; and is'ex]pressed in days, 
hours, minutes and seconds. 

The JSpcuij as giyen in the calendar, is nearly the age of flte 
moon at the commencement of the year, exJ)reBsed in whole dajrs, 
and was introduced for the purpose of finding the days of tneah 
new and full moon throughout the year, and thence the times of 
certain festivals. Without entering into any explanation of the 
reason of the rule, it must suffice here to observe, that the EpcLct 
for any year during the present century may be found by multiply- 
ing the golden number of the year by 11, adding 19 to the product 
and dividing the sum by 80. The remainder is the Epaet for the 
year. 



CHAPTER XXTI. 

UKiyBBSAL GRAVITATIOK. — TABLB6 OF THB BLBMENTS OF THB 
ORilTB OF tHB ^LAHBtB AND OF THBIB IfASSBS 'AND 
DBNSITIB8. 

897. Physical astronblny, in whidh the principle of universal 
gravitation is applied to the investigation of the motions of the 
heavenly bodies, and the various effects of their actions on one 
another, is a very extensive and, in many of its parts, very diffictdt 
department of science. A few propositions of an elementary cha- 
racter, and some general remarks and residts, are all that will be 
here introduced.* 



*Tlie o«l<rta«tod lViiiejp<iit»f N^fvrtbn wiui tlie ftnt work on ^biytH^^X 
At the present time, the prominent works on this snbjeoi generaUgr, or en tin 
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898. The moan i$ retained in her orbit hy the force of gravity 
diminished in proportion to the eqvare of the distance from the 
eartVe centre. 

Let E, Fig. 56, be the centre of the earth, A a point on its sur- 
face, and GH a part of the moon's orbit, assumed to be circolar. 
When the moon is at any point M in her orbit, she would, by the 
first law of motion, move on in the direction of the line MF, a 
tangent to the orbit at M, if she was not acted on by some force 
to turn her aside. Let L be her place in her orbit one second of 
time after she has been at M, and let LC and LD be drawn parallel 
to EM and MF respectively ; and joining LM, let EI be drawn 
perpendicular to it, and, therefore, bisecting it in L The line GL, 
or its equal MD, is the distance the moon has been drawn, during 
one second, from the tangent towards the earth at E. Now, as 
the distance a body moves in a given time is proportional to the 
force by which it is moved, MD may be taken as a measure of the 
force by which the moon is drawn towards the earth. 

Put g =■ MD, G =» the force of gravity at the earth's surface, 
or the distance a heavy body falls there, by this force, in a second, 
r = E A, the earth's radius, d «=> EM, the moon's distance, p » 
moon's sidereal revolution in seconds, ft » moon's horizontal paral- 
lax, and er =» 8.14159, &c. Then, assuming that the force MD, or 
jT, is that of gravity diminished in proportion to the square of the 
distanqe from the earth's centre, we have, 

r* : d» : : (/: G - —-g (A) 

r* 

Now, by similar triangles, we have EM : IM : : LM : MD, or 
2EM : 2IM, or LM : : LM : MD, that is, 

2d : LM : : LM : g (B) 

But the chord LM does not sensibly differ from the arc LM, 
which is the distance described by the moon in one second. Hence, 
as 2(2« is the circumference of the moon's orbit, we have, 

2d^ 
» : 1 :: 2i« : LM«— • 

P 
Substituting the value of LM in (B), it becomes, 

in particular, are Laplaoe*a M4etmiqw C4U^ Pont^vlaat's 8^H9mi du Momdif and 
Planft'B Thiwrk d$ la Lwu. 



Digitized by VjOOQIC 



CHAFTBR ZXn. 207 

2d:—-:: -— t^r-— — (C) 

P T f 

Hence, from (A), ve have, 

Or, by Bubstitnting for d^ its value 9 

BinK 

G--^ P) 

Taking the mean yalues of r, jp, and ^c,^ we easily find the value 
of O to be 16.22 ft. ; which is very nearly equal to its known value 
as determined by experiment. This conformity of the computed 
result with that obtained by experiment, may be regarded as 
establishing the truth of the proposition. 

899. The planets are retained in their orbits about the eun^ and 
the sateRites in theirs^ about their respective primaries^ by forces 
directed in each ease to the central body and varying inversely as 
the square of the distance from that body. 

Assuming the planets and satellites to be retained in their orbits 
by forces directed and varying as stated in the proposition, it is 
proved, by a series of investigations that we shall omit, that their 
motions and periods must be in conformity with Kepler's Laws. 
Hence, as these laws were deduced from observations, and have 
been fully confirmed by subsequent observations, it follows that the 
proposition must be true. 

400. Determination of the relative masses or quantities of matter 
in the sun and planets. 

For a planet that has a satellite, let D be the mean distance of 
the planet from the sun, d the mean distance of the satellite from 
the planet, P and p the periodical revolutions of the planet and 
satellite respectively, and m the mass of the planet, that of the 
sun being regarded as a unit or 1. 

Also, let / a force of gravity of a unit of mass at a unit of 



•ThMe ire, 2r » 41776044 (t, /», in seeonds, a 28606S5, tadir » 57' V. 
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distance. Then, since the "wtiole force of gravity at a given dis- 
tance is proportional to the mass^ we have n|f"» force of gravity of 
the mass m at a unit of distance* Hence, g bei^g taken for its 
force at the distance d^ we have, 

But (898 C), (7-=^ 
F 

Hence,J - -p, or m - _ (E) 

In like manner for the sun and planet, the mass of the stm 
being 1, we have, 

1-?^ (F) 

Dividing (E) by (P), there resdts, 

»» - 55 ^ 7 • (^) 

In tiiis investigation, the attraction of the planet on the son, 
and that of the satellite on the planet, have both been omitted. 
But as the mass of the planet is very small in comparison with 
that of the stm, and the mass of the satellite in comparison with 
iha^ of the pknet, the result is but Uttle affected by the omission. 
We have, thus, a very^ simple formula for con^uting^ with eonsidera- 
ble accuracy, the mass of a planet that is attended by a satellite. 

Applying this formula to the planet Neptune, we have (335 and 
380), P » 164} yea:rs, p^6 days, 21 hours, D -> 2,850,000,000 
miles, and d «» 230,000 miles, which give, for the mass of Nep- 
tune, m =» ygJu^ nearly. This result iweords very wdil with the 
value given in Article 836. 

The masses of the planets which have no Satellite, and also that 
of the moon, are deduced, by more difficult investigations, frone^ 
the ascertained effects of their actions On other bodies. 

401. The Densities of the Sun and Planets. The densities of 
bodies are ^portioiial to timr inasses, divided by their volumes. 
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Heaoe, from the known masses and yolomes of the son and plan- 
ets, ikeii densities are easily obtained.* 

402. The density of the earth increases towards the centre. 

Supposing the earth to haye been once in a fluid state and homo- 
geneous throughout, it is ascertained by investigation that, in con- 
sequence of its reyolution on its a^, it would have taken the form 
of an oblate spheroid, having the polar radius to the equatorial in 
the ratio of 229 to 280, and, oonsequentij, have an ellipticity of 
,}ii. If, instead of being homogeneous, it is composed of strata 
increasing in density towards the centre, the form would still be 
that of an oblate spheroid, but of less ellipticity. Hence, as the 
actoal ellipticity of the earth, whkdi is only ^^^ is considerably 
less than ^i^, and as it is probable the earth was once in the state 
supposed, it is inferred that the density increases towards the 
centre. 

This inference is confirmed by very accurate observations made 
at the sides of the mountain Sdiehallion in Scotiand, by Dr. 
Maskelyne. From the effect of the mountain in changing the di- 
rection of die plumb line of a plummet suspended near it, and 
from the known figure and volume of the mountain determined by 
a survey, it was found that the mean density of the mountain was 
to that of the whole earth, nearly as 5 to 9. 

403. Kepler* s Laum^ iJwugh very nearly j are not rigor ornhf tr%»e. 
The deviation from entire accuracy is caused by the attractions 

of the planets on the sun and on one another, and also by the at- 
tractions of the satellites on their primaries. But, aa the masses 
of aU the planets taken together are very small in comparison 
with that of the sun, and those of the satellites in comparison 
with those of their primaries, the deviation with regard to either 
of the laws is also smalL 

404. The sun*s action increases the gravity of the moon to the 
•earth at the juadratureSj and diminishes it twice as much at ike 

syzygies ; the iffeet, on the whoU^ being a dirnhkution of her gravity 
to the earth hy ahcut the ZbithparL 

* The mwmtt aad d«iifitiM of tlit son, planeti Md ibooo» m dtdoMd frma ih« 
MOtt aaevale iBTM4igatioiia» aregiTen in tbt XMm sttht «ad of tUi part of the 
work. 

■ S 27 
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Let AOBO, Rg. 57, repreMiit the orUt of the noon, wUdi 
may in this investigation be considered as colscidiBg with dM plane 
of the ecliptic. Also let S be the sun, E the earth, H the place 
of the moon in her orbit, and AB perpendicular to SE,ihe line of 
the qnadratores. Let the line SE represent the force which the 
sun exerts on the earth at E, or on the moon, when in ^oadratnres, 

S(E' 

at A and B * Then, SM* : SE« : : SE : ^^ = ihe force with 

which the snn acts on the moon at M. In the line MS, produced 

SE^ 
if necessary, take MD « ^tt-, ; then MD represents the force 

wfaidi the son exerts on the moon at M. Let the foree MD be re- 
iol?ed kito the two, MH and MG, one of which, MH, is eqnal and 
paralld to BS. Then i»noe the force MH is eqnal and parallel to 
ES, it will have no tendency to change the relative motions or po- 
eiiions of the earth and moon. The o<Aier force KG, will there- 
toe represent, in quantity and direetion, the whole effect of ihe 
eun's action in diflturbiAg the moon's motion in her ix\A%. Let 
; 8M be pvodveed to meet the diameter Afi in 'N. Then, because 
the ms^ ;E8N is always very «nall, being when greatest only 
about Tj tiie line BN may be considered equal to BB. Hence, 

sw^ m^ (SM + wsf 

^^ ^ SM» " SM> "" SM* 
SM* ^ aSM* X MN + 8SM x M»P + MN* 
" SM* 

- SM + 8MN + ^ X MN + ^ x MN. 

But, ee MN is very small in comparison with SM, the last two 
terms may be omitted without material error. 

• Therefore, MD - SM + 8MN ; or, SD - 8MN. 

As the angle ESM is very small, and SD is also small, the line 
DG must very nearly coincide with BE, and, consequently, the 



* StrioUy quaking, Mtke^qvMiti^ of siaHer ia th«^eMrtit I0 g r ea ter t h an ihat 
la tlM moon, Ihofbacot wfai^h tho fva oxcirtB on tlie oartk aad aM>on, WlM»n at eqiul 
4tilanow,«rf not oqnaL Bnt tho ^ibots of tkoM ftyroet, in moving 4i« <boMb, 
%ro equal, and it ia thoM effects which is the snt^Sect nnder consideration. 
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In like manneri 

the force MP — ^ sin 2a? (I) 

When the moon is in quadratures, a; a 0, or 180^. Consequentlyy 
then, 

the force MQ - +§ (K) 

But when the moon is in syzjgies, x » 90^ or 270^. Hence, then, 

the force MQ - - ^ (L) 

The first part of the proposition is, therefore, prored. 

Now, it is eyident, firom (H), that the force MQ «• 0, when 
8 sin'a; -> 1, or sin a; - v^ i ; that is, when a; » 85'' 15' 52''. The 
moon's grayity to the earth is, therefore, increased while she k 
within about 85^ of her quadratures, on «ther side, and is dimi- 
nished in all the remaining part of the orbit ; and the greatest 
^minution is double the greatest increase. It follows, therefore, 
that in the whole the moon's grayity to the earth is diminished by 
the action of the sun. An easy inyestigation, with the aid of dif- 
furential calculus, proyes that the mean or ayerage diminution is 

Q-T\ r representing in this case the mean distance of the moon 

from the earth. 

Diyiding ^, the mean diminutwn of the moon's grayity to the 

earth by --j^, which expresses the whoU grayity, the quotient ol^ 

is the mean diminution of the moon's grayity expressed as a fraction 
of the whole. Substituting, in this, the yalue of m (891 G), and obeery- 
ing that a and r are used here in the place of D and d^ we haye, 

JL ^ -i. 1 
2ma»"2P«"'858^^*y* 

405. The ineqwdiby m ike mom* 9 motion^ eoBed the Annual 
Equation (204), proceed$ from an nuqualUif m ike wn't dutm^ 
ingfaree^ depending an ike variation in ike eartKe dietaneefiram 
iheeun. 

The expression o^ designates the mean diminution of the moon's 
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graTitj to the earth for a given distance of the earth from the son. 
Hence, as the distance a varies with the time in the year, or with 
the snn's anomaly, the mean diminution of the moon's gravity 
mnst also vary. This variation causes a change in the moon's dis- 
tance from the earth, and, consequently, in her velocity. The 
change in her place resulting from this change of velocity, is the 
annual equation. 

406. The Evection is produced hy an inequality in the sun*$ 
disturbing foreej depending on the position qf the line qf the apsides 
qf the moon^s orbit with regard to the line of the sgzygies. 

Let B and r denote the distances of the moon from the earth, 

in apogee and perigee, when the line of the apsides coincides with 

the line of the syzygies, X and x^ the distances at which the moon 

would be from the earth, in apogee and perigee, if she was not 

acted on by the sun, and G and p, the perigean and apogean gra- 

/ 
vities in that case. Also, put fi ■" ^ ^nd supposing the earth's 

distance from the sun to remun constant, n will be constant. 
Then (404 L), G — 2rn and ^ — 2Bn will be the perigean and 
apogean gravities of the moon, when the line of the apsides coin- 
cides with the line of the syzygies. Hence, 

X' : aj* : : G : ^r, 
and R« : r* : : G — 2m : ^ — 2Rii. 

Consequently, 

^ G 
^ "^' 
^R* G-2rfi 
"^^iy"/=^R^ 

Now, as G is greater than ^, and 2m less than 2Rity it is evi 
dent that 

G — 2m G 

y^;;^2g^ is greater than-. 

R* X« 

Hence, -^ is greater than -n|. 
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It tlierefore follows, that, when the line of the apsidtf ooiaeidea 
with the line of the sjzygies, the ratio of the apogean distance of 
the moon to the perigean distance^ and, consequentlj, the eccen^ 
tricitj of the orbit, is increased by the action of the sun. In like 
manner it may be shown, that, when the line of the apsides coin- 
cides with the line of the q^uadratnres, the snn's ^tion diminishes 
the eccentricity of the orbit. The change in the eocentriaty of 
the orbit, produces a change in the equation of the centre ; and 
this change is the Evection. 

,407. 7^ Variation is produced by the redolvedpart of the 9un'$ 
disturbing force that acts in the direction of a tangent to the moon* 9 
Orbit. 

It has been shown (404 I), that MP, t^e part of the sun's dis- 
turbing force that acts in the direction of a tangent to the moon's 
orbit, and therefore changes her motion in her orbit, is equal to 

Zfr 

5-3 sin 2x. Hence, supposing the earth's distance from the sun, 

and the moon's distance from the earth, to remain constant, this 
fqroe is proportional to sin 2a); that is^ to tfae sine of twiee the 
(Hstance of the mooii from the- qpiadratores. It is, t^refiore, 
greatest in the octants, aad is nothing in the syxygies and quA* 
dratures. The inequaliiy in the moon's motion thua prodvoed i» 
the Variation* 

408. The motion of the ApMee of the moon^e orbit i$ produced 
by the action of the sun in diminishing the moon*s^ gravity to the 
earth. 

If the moon was only acted on by the earth's attraction, she 
would describe an ellipse, and her angulM* motion, would be just 
180^, from one apsis to the other ; or, whi(^ is the same, from one 
place where the orbit cuts the radius vector at right angles, to the 
other. But, in consequence of the change produced in the moon's 
gravity to the earth, by the action of the sun, the moon's path is 
not truly an ellipse. When the effect of the sun's aoticm is a dimi- 
nution of the moon's gravity, she will continually recede from the 
ellipse that would otherwise be described, her path will be less 
curved, and she must move through a greater distance before the 
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Bftfios vecbor intersects the path at right wgles. She nrast, there^ 
io/t% move through a greater angular distance than 180^| in gping. 
from one apeia to the other, and, consequently, the apsides will ad- 
tanee^ On die oontrarj, when the gravitj is increased by the 
son's action, the moon's path will fall within the ellipse which she 
woald otherwise deeoribe, its ourvatore will be increased, and the* 
distance throngh which she must move before the radius yector 
interseots hev pacUi at right an^es, will be Issft. The apsides will, 
therefore, move baokwar&« Now, it has been shown (404), that 
tbe son's aetion akemately diminishes and inoreasfss the moon's 
gss^y to the eaartlL The motion of the apsides will, therefore, 
be alternately direct and retrograde^ But, as the diminution has. 
ptaee dnnng a mnch longer part of the moon's revolution, and is 
beskles gveater than the increase, the direct motion will exceed 
the retrograde^ Oonsequently, in an entire revolution of the moon, 
the apsides have a pn^ressive motion* 

409. Motion in the motytC^ nodt9 and ehcmge m the inelination 
of her orbit. The direction in which the sim's disturbing force 
acts on the moon, does not, except in some particular cases, ooin« 
cide with the plane of her orbit. This force, therefore, causes the 
moon to leave the plane of her orbit, or, which is equivalent, causes 
this plane itself to change its position^ var^g both the line in. 
which it intersects the plane of the ecliptic and the angle it makes 
with that plane. By a simple but tedious investigation, it may be 
shown, that, in consequence of the sun's action, the nodes must, 
during each, synodic revolution of the moon, move alternately back- 
wards and forwaords; the backward motion bein^. however, the 
greafier^ se that, on the whcde, they must have a retrograde motion. 
It may also be shown^ that the inolination of the orbit must alter- 
nately increase and diminish, vibrating thus, about its mean value, 
firom which it never widely deviates. 

410. Stability of the eolar eyitem. The mutual actions of the 
planets and satellites, •and the inequality of the sun's action on a 
planet and its satellite in different positions, produce continual 
changes in the motions of the bodies, and in the eccentricities and 
inclinations of their orbits. Although some of these changes are 
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ascertained from obserrations to be periodical, and it is fbond diat 
the quantities subject to them, altemately increase and decrease, 
so that their mean or average Talues remain the same, yet there 
are others which have always been accumulating from the period 
of the earliest observations to the {Mresent time. One of these, 
the acceleration of the mean motion (^ the moon (198), has long 
attracted attention. If this acceleration of her motion, and the 
consequent diminution of her distance, were perpetually to c<mtiniie, 
it would foUow that she would eventually be precipitated to the 
earth. Such a result, if it were a necessary consequence of the 
structure and working of the system, would seem to imply some 
imperfection in the works of the all-wise Creator of the universe. 
But the profound investigations of Lagrange and Laplace have 
shown, that, with the system constituted as it is, no such result can 
have place ; that not only some, but aUy the changes produced in 
the motions and orbits, by the mutual attractions of the bodies, 
must be periodical ; and that, though some of the quantities in 
which these changes are produced must continually increase^ or 
continually decrease, for many thousands of years, they cannot 
perpetually do so. Through the operation of the very same causes, 
ihe quantities that are now increasing, must in process of time 
decrease, and those that are decreasing, must increase. None of 
them can ever widely deviate from their average values. Thus, 
notwithstanding the many perturbations and seeming irregularities, 
the 9talnlity of the system is preserved. 

411. Tables relative to the planets and satellites* The following 
tables contain the elements of the orbits of the planets, and their 
masses and densities as far as they are known. The longitudes 
are reckoned from the mean equinox of the epoch. 

The fourth table, page 218, contains the elements of the first 
twenty-seven asteroids, which have been collected fr<mi the most 
reliable sources. 
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ELEMENTS OF THE PRINCIPAL PLANETS. 



rum^ KAMI. 


Gxm^eS'M. N. 


"r-iigr* 


^Tfia&SL*^ 


SMolAr 

ySaSySL 


Merenry 


1801, Jul 1. 
« 

« 
t» 

4< 
44 
« 

1847, Jan. 1. 


166« (y 48."6 
11 88 8. 
100 89 10. 2 
64 22 66. 6 
112 16 28. 
186 20 6. 6 
177 48 28. 
828 82 44. 2 


74« 21' 46."9 
128 48 68. 1 

99 80 6. 
882 28 66. 6 

11 8 84. 6 

89 9 29. 8 
167 81 16. 1 

47 12 6. 6 


+ 9' 44" 
- 4 28 
+ 19 41 
+ 26 22 
+ 11 6 
+ 82 17 
+ 40 


YeiiiiB 


TkeSATth. 


Mats .••••••••• ••••••••• 

Jupiter. 




TTr%nnH 


Iieptiiii6 •••••••••• •••••• 



TlAHVl MAMM. 


Longitude of tiM 
AMending Node. 


Secular Tarifttkm. 


Xdiptlc. 


Seeuler 
Teriatkm. 




46« 67' 80. "9 
74 64 12. 9 

48 *0 *' 8. 6 
98 26 18. 9 

111 66 87. 4 
72 69 86. 8 

180 4 2a 8 


— 18' 2" 

— 81 11 

— 88* 49 

— 26 21 

— 82 22 

— 69 69 

•...a. 


7« 0' 9."1 
8 28 28. 6 

1 61*"* 6. 2 

1 18 61. 8 

2 29 86. 7 

46 28. 

1 46 69. 


+ 18."1 

— 4. 6 

— **a 8 

— 22. 6 

— 16. 6 
+ 8.1 


Yeniifl 


Th© Bftrth .......... .^. 


Msn 


JaDiter... ••.••. ......... 











WUMWfM KAMI. 


gtesl£s?2S!: 


8emi«iitfori^ 


leoentridtr. 


Seeulw Terblioii. 


Merovy. 


87.969268 

224.700787 

866.266861 

686.979646 

4882.684821 

10769.219817 

80686.820880 

60126.488 


a8870981 
a7288816 
1.0000000 
1.6286928 
6.2027760 
9.6887861 
19.1828900 
8a0869000 


0.2066149 
0.0068607 
a0167886 
a0988070 
a0481621 
a0661606 
0.0466794 
a0087196 


+ 0.00000887 

— a00006276 

— 0.00004869 
+ a00009019 
+ a00016086 

a00081240 

— 0.00002621 




TheEwtli. 


Mam 


Ji4>iter. 


NtptoiM .•••• .M 



Digitized by VjOOQIC 



»!« 



AS7BOIi0Mr. 



dooooo'oo'o'o'oooooodoooooo'odoo 



« 5» » ai 9 o» o» O «» «-* «-r f-*n$ 04 ^ e«-M «» O 1^ ^ O 00 •» Ob 00 o 

w c4 ©4 c^' ci ©i w c4 c4 ©^ N c4 ©I ©^ ©^ ©^ « ©i c4 ©i ©4 e4 e4 ©i ©4 00 oo 



©9oo^odfc«wop-i«DO^oeoc$i^ocpioe40Dt*tfieotQ»ooe3 

©icOi-^Oi-^eOf-4-4«-i<«r-iaDoaooor-i^©4t^i-i^i-^tOt^eoeoo» 
eoo>o6'*wo«Q«©l»oo>i^dop»Qr4©it^'^cd«>'^©i«p"*«oeoo^ 

9«Qf-i©i^^^COI^OOQP©)r-lr-lrHiO«Dr»^aO«<-i©4^^ 

•^©4eooooo»eooocce9eo^^'«iOio»otCiOiOtocD^aoaooo 






©i©iaoo»»Ooo©4iOi-^aa©4Oeoo»o©«i-^o«0iH^rH»^oaoi^ 
&oao«-ifc«io»0i-^0'^eo^i-iioiocoo»0i-^oooo0'^eoooooo 

^ ©I r-l 1^ 1^ i-< ,-1,-^eOr-l 



00 «0<«t^O^»^»^»0efc«©4fc«a0©4l0 CO 000000 CDCD CO (x-iOOCDr-i 

&QkOoooeo»QQ'^9aoQ'^i-^»o«-ieo$i^eo«oooc4«or^kO 



s 

H 
Ph 

o 



©4»0^0©4 O9COt^»OO0i-He0rN Ot>-^OOr«00Q0^«0 ©^•''^t^*-^ 

m<Oi--«a»©4ci<-«o>dcd©40»a»adi^cDe9t^kO0»©ic^co''^'^*ao*o' 
^io©«icoaoP*-'0»oecO'^*-«co©«cocDr-io»ao^coi-'0»t>-e40 

f-^Sf>$^i-l9<«rHiH00^e4»-i.'^«0^«H OOe4'«©4^kO. «a 
CO 10 ^ 1^ p «-^ r-i M 4f td CO CO eq Od «A«» OD 00 QQ «0 ^ ^ -(-^ «D«a OD A 

m<-<Ooo»Q'^t^Q^rN©ii^eo»oeor-it^©ie^ook6^e4i2f-<©loo 

S©S So OOCO©<>^*-ir^>-^0<^^ ©1,1 






io«^a»cooOGoa»GOcooo>aooaO'^'«aoo»^coo»«-i^coa»o 
r^oo»QiOi^b^OdWii-4i>^©^'^coi^cdid©4oeeOf-4eOf-^d^C>i^o> 

^ ©I iO ©I »0 ©« 00 »6 f-i « »0 •* *0 lO C0C0C<"^»O©l i^ "^ 

abo>i-^cooa»aQ©i^coo»'^i^©4t^ooaakOkOkO»o©4©9coao»0'^ 

^i,-ii-«^0»^^i-l»Oi-lO«»0©IOOOO^^ lOiOkOkO »O'<«00 

§b©iO»'^co©3cD'«i«^r«eoa»t«.'^b*A«>od«4«ooaocoao»^©icoo 
CO o 09 b» 1-^ CO o4 i-H -^ a <<«« ©« lO ^ e> ©I ©I 00 d r- 1^ oo*«9«d^^ 

CO 00 11 f-» 00 f-i CO ©< *H ©< 00 ©< *-■ CO ©jwcq 



f« 



I 







©i'©fi-r©f;c«o$«r^ 



00 oTcTf oc©<0'^oocoooeo©<©«^ ©«^ oo«I'5jooqooqo.-»'* 
aoooooooooaDaoaoooaBaoooaoooaDooaoooaoaQGQaOQoaoooao 



n 







o t * I 

c^ 2 .2 .a 






Digitized by VjOOQIC 



CHAPTER XXII. 



219. 



IHffermt Bemlutwrw of the Moon. 

Troptoal reTOlation^ 27.821525^ 

Sidereal « „ 27.821o83a 

Synodic «♦ 29.5805885 

AnomaUbtio « ,.... 27.5545704 

Hedd. " 27.3122222 

SideretA revoltUiont of tJb taffittUes, atut tRe^ mea» diitemoe$ 
from the planeta <d>oitt which they revolve. The dittmieet- an est- 
pretud mtemu of the equatoriid nadiue of the planet. 



JTrPItBS. 
Mean IMatanoe. Sii«t. Bevolution. 

iBt Satellite 6.04853 1.7691878 

2d « 9.62847,..,^ 8.5611810 

8d " 16.86024 7.1545528 

4tli « 26.99886 16j6887697 



SATCRIT; 



Mean Distance. 



Ist Satellite, Mimas 8.851. 



Sider. BoToIntion. 
Dayv. 

0.94271 



2d 

8d 

4th 

5th 

6th 

7th 

8th 



Bnceladns . 

Tethys 

Dione 

Rhea 



. 4.800 1.8T0M 

. 5.284 1.8878* 

. 6.819 2.78Md 

. 9.524 4.51749 

Titen 22.081 16.94580 

Hyperion 26.5 21.18 

lapetoB 64.859 79.82960 
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URANUS. 



Mean Distance. 8ider. Rerolntion. 

Days. 

IstSatolUto 18.120 5.8926 

2d « 17.022 8.7068 

8d « 19.846 10.9611 

4th " 22.752 18.4569 

5th « 45.507 88.0750 

6th « 91.008 107.6944 

Masses cmd densities of the sun and planets^ the mass of the sun 
and density qf the earth being each assumed ■■ 1. 

Masses. Densities. 

' Sun 1 0.252 

Neptune rshm unknown. 

Uranus ^i^ 0.242 

Saturn i^ 0.188 

Jupiter j^ 0.288 

Mars 199^97 0-948 

Earth ,jAjt 1-000- 

Venus. ?9Ai¥ 0.928 

Mercury wsiTJT 1-12 

Denoting the earth's mass by a unit, the moon's mass is about 
iiVy and her density about 0.615. 

Remark. The masses of the planets given above, except that of 
Neptune, are taken from a table in the Astr. Naeh. No. 448. That 
of Mercury has been very recently obtained by Prof. Encke, from 
the effects of this planet in disturbing the motion of the comet 
which bears his name. 
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TBIGONOMBTRICAL FOBMUIlS. 

A HUMBiBof the formtito included in the following collection are nsed 
in the preeent work. The demonstrations may be fonnd in any good work 
on Trigonometiy * They aie introduced here, and numbered in order to 
fMnlitate the references. 

IVom a tingle are or angle a, Oe radtui lemg = 1. 

1. 8in«a + cofl»a = l 7. mna = 28in}acos}a 

2. sin a = tang acosa or, sin2a = 2sinacosa 

tang a 8. cos a = 1 — 2 sin* } a 

*• ™ * "^ l/(l + tang" a) 9. cosa = 2co*»}a — 1 
1 sin a 

1 — cos a 



6.tMigo = ?^ 11. tangja = 



cosa 



sm a 



1 cosa ^^ ^, 1 — «»« 

Ibr two are$ Kondh o/which a it nifpo$ed to le the greater. 

18. rin(a=fc5) = Bnacos5±cosarin5 
14. cos(adb6) = oosacos5q=sinarin5 

tang a d: tang h 
16*«>g(«±*) = iq=tangatang6 

16. maa«»h=ima(a + b)+ima(a — h) 

17. 008aBmft = J Bin (a + 6) — J Bin (a - 6) 

18. Bna«n6 = JooB(a — 6)— JooB(a+») 

19. ooBa 008 i = J 008 (a — ft) + I 008 (a + ft) 



• Tlw bert tr««a* upon tut Bttltfoot, la W iMTiH^ «•«»»* V <a««»«^ 
CMwtt7p«bii<^^ 
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«3. . 



44. 



* X * ■ 1 ^r . rin } (B + A) 
*. 1 * xfj. , . 008 } (B + A) 



/br a right angkd tpherical triangle in which Cisthe right amgU^^amd 
<4e (jppodit Me c, the hgpotenueef a* in Fig. 69. 



46. COB e == 008 a 006 & 

46. 006 o s= oot A cot B 

47. sin a = 8in c sin A 



48. tang a = am & tang A 

49. tang a 3c CM B tang c 

50. 006 A = sin B COS a 



51. ^ any imall arc or angle a, not exceeding, or not much exceeding a 
degrecj he expresicd in Hconds, and if a sss 206264". 8 toe have, 

sin a = — , very nearly. 

For the sine of a small arc is veiy nearly equal to the length of the 
arc itaelf ; and to obtain Ihe length of an arc, ejqmeeed in seconds, we 
have this proportion. As the number of seconds in the whole oircomfer- 
enoe is to the seconds in the ^fo, too is the length of the tdroomferenoe to 
the length of the arc. Hence, 

1296000" : a : : 6.t881868 : length of a, 

1 _xi. jf 6.2831853 a a a 

Cfr, length of a = 



1296000" 



tkxiaeqnentlyi 



a = leiiflth of a = — 



As the cbonm&renoe of a circle, divided by 6.283, Ac, .giyes .the radius, 
it is evident that 206264".8 are the seconds in the radios. 

Oor. The nnmber of seconds in <aKi arc is eqnal to the product of » by 
the lepgth of the arc; the nfdiui being unity. 
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_ 1 —> 2 c* sin* » + e* sin* » 
1 — «" sin* t 

„,,^^l-;(2-'y"'''» (O 

"^ •^ 1 — «• sm* t 
The yaloe of p, multiplied by the number of miles in ibe equatorial 
radinfly gives tbe valoe of AO in miles. 

63. To find the times of longest and shortest twUight at a given plojce. 
Let nZG, ISg. 32^ be the meridian of the place, Z its zenith, HR its 
horizon, F6, parallel to HB, 18^ below, P the elevated pole, AB the part 
of sun's diurnal path included between HB and FG, PA and PB arcs of 
declination circles, and Z A and ZB arcs of vertical circles. Put L = PH 
= latitude of the place, D = sun's declination, and 2a = 18^. Then, 
(App. 34), we have, 

fjr^„_ eoAliZ — WMVZ^x^tL2 _ QOBQ0'''^tajilieog (90** d: D) 
oosZl'A— Bin PZ sin AP ~ cos L sip (90'' d: D) 

disinLsinD ^ ^ t a^ t\ ' ^ax 

= • = tt = ± tang L tang D f A) 

cos L cos D * ** ^ ^ 

^»mA • ATiT>\ i7T>T> COS BZ — PZ COS BP 

cos (ZPA + APB) = ooB ZPB = » p>y . pp = 

^ * ^ sin PZ sm BP 

008(90*' + 2a) — sin Loos (90* ±D) sin 2a _^^ _^ _, 

cosLsin(90-±») ==""cosLoosD-*^«^**°«^- 

Henoe, cos ZPA — cos (ZPA + APB) = "? ^"^ w 
^ ^ • ' cosL oosD 

or, (App. 23), 2sinJAPBsin(ZPA+}APB) = jJ^^ 

Let now, H = ZPA, and dp = APB, when AP is greater than 90% 

that is, when the declination is of a different name from the latitude, and 

H' = ZPA, and sf = APB, for an equal declination, when of the same 

name with the latitude. Then, it is evident from the ezpression for 000 

ZPA, that H will be less than 90% and that H' will be the supplement 

of H. Henoe, we have, 

ft • t • xTT • * \ wn 2a 

2sm}xsm(H4-}a?)=: — 7 ^ 

\ ^ ^ cosLcosD 

and 2 an } «^ sin (180* — H + } aO = T ^^ t> 

* ^ ''^oosLoosD 

or, 2sin}«^sin(H — JaO-— ^^-^ (B) 

' ^ "^cosLoosD ^ 

Conseqmitly, sin } a/ sin (H — } a/) = sin } op sin (H + i ^)> 

or (App. 18), } cos (H — aO— * cos H = } cos H — J oas(H + «), 

or, cos (H — a/) + cos (H + ar) = 2 oos H. 

29 
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But, (App. 22), cos (H — a?) + COB (H + x) = 2 ooB H COB X. 

Hence, co8(B[ — a/) — co8(Br — x) = 2oo8H(l — co6x)=4 
000 H ski' i X. 

Now, since H is less than 90^, the second member is affirmative. Con- 
sequently, cos (H — :^ is greaiter tkan'oos (H — x), and tk«iefore, i! 
is greater than x; that is, iht twilighi tsltrngetwhentke UoiNde andmm^t 
dedfnaiian are of Ae tame name, than when they are respecHvdy of the 
$amev€Uue»f hui of different names. And it is easy to perceive from equa- 
tions (A) and (B), that the longest twilighi at a place, oecun when the 
dedination is greatest and of the same name with the latitude. 

For the shortest twHighf. Let the triangle BPC, having the side BP = 
AP, have also, PC = PZ, and BC = AZ = 90**; then its three sides 
being respectively equal to those of the triangle Al^Z, we have the angle 
CPB = ZPA. Taking CPA from each, we have APB = ZPC. Hence, 
the twilight will be shortest when the angle ZPC is least 

Let ZD be a vertical circle through C, and PB an arc of a great circle 
bisecting the angle ZPC. Since PZ and PC are constant, the angle ZPC 
will be least when ZC is least; and since BZ and BC are constant, ZC 
will be least when the angle ZBC is least, that is, when it becomes Zero, 
or when BZ and DZ coincide. But, when BZ and DZ coincide, we must 
hare DC == BC = 90''. Hence, as BZ = gO"* -f 2a, it follows, that, 
when the twilight is shortest, ZC = 2a. 

Now, as the triangle ZPC is isosoeles, and PB bisettsthe vertiod angle, 
it must also bisect the base ZC and be perpendicular to it Hence, in the 
right4mgled trian^^fr ZEP, we have (App. 47), 

am PZ cos L 

Twice theang^e ZPB oonverted into time, gives the duration of shortest 
tlHUght From tike right-anf^ed trian^ ZBP and BBP, we have 
(App. 46), 

cos PZ -.-,008 PD sin L cos PD cos PD 

= cos PB = =ri5i, or. 



cos ZE ~ cos DB' ' eos a"~coB (90^ + a)"" sin a 

Hence, cos PD = — sin L tang a. 

As COB PD is negative, PD, the sun's distance from the elevated pole, 
onst be more than 90% and, consequently, die deaUnation must be of a 
name contraiy to that of the latitude. 

When PD has-been fimnd ftx)m the above expresiioB, the sos'ff ^laclina- 
tjeon known; and by m Nautical Almanac, the timetin the year whan 
the sun has this declinatioB are easily fenod. 
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54. To find tke annual variations of a star in right OKennon and 
dedination. 

Itefemng to J^. 20^ described in preTioiu Ariides (126 and 128), as 
it is evident diat mg does not senedbly differ from BG-, and as the differ- 
ence between the complements of twt> arcs is the satnir as the difference 
between the acres themselves, we have, 

E'GK — BGrrrBHy — in^ = lfm + ^, 
and, CK« — G» = P» — F«, 

or, ann. tar. in R. Asoen. = Wmi + ^ (A) 

ann. var. in Declin. = Pt — F« (B) 

Draw Fr perpendicillar to the declination circle Pi(J. Then, as PF 
and ^r are very small, we may, without material error, regard I^F as a 
spherical triangle, right angled at P, and F, PrF and E'mE as right 
angled plane triangles, and sF = <r. Put 

A = EG = right asoen. of the star 
I) = Os = declination do. 
f = 2>P = QEC = obliq. of the ecliptic. 
Then, taking small arcs or angles instead of their sines, and observing 
that PpF = 0(7= EE' = 60".2 (126, Or.), and FP« = 90^.— GPQ 
= EQ — 6Q = EG = A, we have, from the triangles P^jF and PrF, 
PF = P^F %mpP = 50".2 sin •, 
Vr =PF8inFP« = PFsinA = 5(r.2 8inf«nA^ 
and, Pr = PF cos FP« = PF cos A = 60".2 sin t cos A. 
Consequently, P» — F« = P« — r» = P^ = 50".2 an * cos A. (C) 

We have, also, from the right angled spherical triangles Vrs and gQf$^ 
the latter of which may be regarded wi ri^t ao^ed at y as well as at 0^, 
we have, 

Fr = F«r sin F« =^«G' cos G'*, and^ =^«G' rin G'f. 
Prt>m these, we have, 

gOf = ^^Q^'^ — Fr tang G'« = 6(r.2 mu'i shi A tang G'*. 

But, since the quantity which is multipled by tang Q's is small, we may, 
without sensible error, put tang Gs or tang D, instead of tang G'<. We 
then have, 

^ = 50".2 sin « sin A tang P (D) 

From the triangle E'mE, we have, 

E'w = E'E cos mE^= 50^.2 cos f (B) 

Suhstitutingj in formula) (A and B), the' values of E^m, gOf and 
P< — F» (E, D, and C), we have, 

Ann. var, in R. Atctn. = 6(K'.2 cos t + 50^,2 rin f sinA tang ]) 
Ann, var. in Declin. = 50^.2 sin t cos A. 
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In applying these formuke, the deolinadon is to be regarded as q^Srmo- 
Hve or negative^ aocordlng as it is north or touth. 

When the mean right ascension and declination of a star is known for 
a given time, and the annual yariations have been oompnted by the aboTe 
formnbe, its mean right ascension and deolinaticm at a subseqnent time; 
not distant from the former more than ^0 or 30 years, or, in case of the 
pole star or other star near the pole, 10 or 16 years, are obtained by add- 
ing to the given right ascension and declination, the prodnct of the cor- 
responding annual variation by the number of years, and parts of a year, 
in the interval. In like manner, the right ascension and declination may 
be obtained for a prior time, only subtracting the products instead of add- 
ing them. 

66. To find the oiberraiion of a fixed itar in right oKennon and de- 
diniMHon/or a given time. 

Let «, IKg. 60, be the star, E the earth, BQ the equator, P its pole, 
LO the ediptic, Y the vernal equinox, N the pole of the declination cir- 
cle PsG, and <NM an arc of a great circle, which, passing through the 
pole N, must be perpendicular to PsG. Also, let I) be the point of the 
ecliptic towards which the earth is moving at the given time, and sD an 
arc of the great circle, in which the plane sED cuts the celestial sphere. 
Then (132), the direct effect of aberration is to make the star appear to 
be at a point / between $ and D, such that «^ = 20".36 sin D«. 

Let /d be perpendicular to PG. Then, as </ is very small, we may 
regard the triangle /dt as rectilineal. We have, also, without sensible 
error, CK/ = Gtd,'Pe = P«, and W = e$. Now, since CK/ = GW = Gf 
— «f, it is evident the eflfect of aberration on the star t , which is in the 
first quadrant, is to diminish the right ascension by the quantity O'G, and 
the declination by ed Consequently, 

Aber. in right ascen. = — GO » (A) 

Aber. in dedin. = — $d (B) 

Put a = 20^.36, A = V(J = star's right ascension, D = Gt = star's 
declination, S = sun's longitude, and t = GYF = obliquity of the eclip- 
tic. Then, using small arcs and angles instead of their sines, we have, 

et = ePf . sin Pe = ePf . sin Pf = G'G cos D; 
also, et = /(2 := M' sin BtF = 20^.36 nn Bt sin DsF = a sin Di sin D«F. 

Hence, G^G cos B = a sm Bt sin B«F. 

But, sin BfF : mn F : : sin BF : sin B«, or, sin Bs rin BsF = sin F 
sin BF; and in the right angled spherical triangle YGF, 

' Trrt ' t» ' xro • w ^in VG sin A 
Bin vG = sin F sin YF. or. am F = -i — ==•= -? — t?^* 
■ui Tvr BUI X BUI T«, vr. Dm « sin VF sinYF 
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• * 

Therefore, &Gt eosJ) =z a m¥ msiDV = ^."^„ sin DF 
^ am VF 

n/x/ ^ Bin A . .^n 

-<^ = - co,DBinVF '°°^^ 

Put m = - °°°it> (C) 

Then (A), Aber. in right aaoen. = — CKG = m sin DF . . (D) 
Again, in the right angled triangle YOF, we have (App. 49), 

tang VG = cos i tang VF, or, cot VF = cos • cot VG = cos • cot A (E) 
Put VF = 90^ — p. Then, since VD = S — 90° (182), we have, 

1)F = VF — VD = 180° — (S + 1), sin DF = 8in (S + t),«)t VF = 

tang t, and An VF = cos f. Hence (E, C, and D), 

tang t = COS t cot A 
a sin A 



m= — 



00 



cos D cos t 
Aher. in right <ucen. = m sin (S -I" t) 
Now, in the small triangle /c2i, we haye, 

«^ = «/ cos ^td = «/ sin MsD = a sin Ds sm MtD. 
Bat, rin MsD : sin M : : sin MB : sin D«, or, sin Ds sin TdsD = sin 
H sin MD; and, sin MV : sin NV : : sm HNV, or, sm GNs : sin M 

sin NV sin GN< cos A sin D 

~" sin MV "" sinMV~" 

fienoe, — td = — a sin D« sin MfD =: — a sin M sin MD = 
a cos A sin D 



-sinMD 



sinMV 

Pat n = -?^???4^;j^ (G) 

sin MV ^ ' 

Then (B), Aber. in deolin. r= — «f = nBinMD . . (H) 

Now, in the triangle MNV, we have (App. 86), 

X »r^ sin i cot MNV + cos i cos NV — sin f cot D 4- cos f sin A 

cot MV = ^—hxr = —k } 

sin NV cos A ' 

. --^ sin f cot D X- A ATN 

or, — cot MV = 7 cos f tang A (I) 

' cos A ® ^ ' 

Put 
MV = 90 + B* Then, sin MD == sin (MV + VD) = sin (S + $), 
sin MV = cos 0, and cot MV = — tang $, or, — cot MV = tang $, 



^Wlien MY is less that OO^", as in the figure, it is 90<» + 0— S6(P that is to be 
regarded as equal to MV. 
U 
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Henoe (I, G, and H), 

fCotD ^ . 



sin f oot D , . 

a cos A sin D 



0060 

• Aber. in dedtn, =: n sin (8 + $) 

The increaae or diminution of an arc by 180^, changes the sign of its 
sine or cosine, but does not affect its numerical yalue. It is, therefore, 
eyident that if the value of the arc t be increased or diminished by 180% 
the expression for the aber. in right ascen. (F) will still be true ; for the 
signs of both fyeUffs m and sin (S + t) being thus changed, there will be 
no change in the sign of the product. Hence, we may always take ^ 
affirmative, and not exceeding 180^. Similar observations apply to the 
arc $. 

^he quantities p, 9, m and n change but little for a number of years, 
and therefore, when once computed for any star, they serve for a long 
time in computing the aberration oi that star. Table IX contains the 
values of these quantities for 30 principal fixed stars. Hie values of m 
and n are all made affirmative by inereasing the values of p and $ by 
^80% when requisite. 

66. To find fcrmnlod for the lunar nutation in right Oicennon and 
declination. 

To obtain these formube we have recourse to certain results established 
by Physicid Astronomy. It has be^oi proved that the i^enomena of nuta- 
tion may be explained on the supposition that the pole <^ the equator, 
instead of moving strictly in a circle about the pole of the ecliptic (126), 
moves in a small ellipse about the mean place of tibie pole, that is, aro^d 
that point in the circle at which the pole would be if the nutation did not 
exist, and in a period equal to that of the moon's nodes. The mi^ axis 
of this ellipse is situated jm the solstitial oolure, and is to the minor aiis 
in the ratio of the cosine of the obliquity of the ecliptic to the oosine of 
twice the obliquity. The major axis has been found to be equal to 
18".44;* and hence, tiie minor axis is 13". 73. 

Let ELF, Fig, 61, be the ecliptic, N its pole, NLM the^dstitialcolure^ 
EMF tiie mean equator, P the mean place of the pole, AlCd the ellipse 
in which the pole is assumed to move, and ABCB a circle about the centre 
P. Then, according to the investigation in Physical Astronomy, if the 
arc ABO be made equal to the longitude of the moon's node, and Oc be 

* Ws iM ih» value gtren by Qtruve, in No. 426 of ^o A$ir. Koth.^ at xeeoiUy 
obtained from a series of obserrationB made by him at Dorp^ 
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Sabstitating the values of jpP sin APjp nndpP cos APp in (F, G and 
H), we have, 

Tffm + ^' = — 6 (cot f + sin A tang D) mn N — a oos A tang D 

cosN ; (I) 

Pr = — ftoosAsinN + asinAcosN (K) 

Put — 6 (cot f + sin A tang D) = m' cos / 

— a cos A tang D = m' sin ^. 

_, , , a cos A tang D , a cos A tang D ^ w^ 

and, Fw + ^ = m' (sin N 60S ♦' + cos N sin tO = »*' ««i (N + ¥) 

or (A), nu^. in right a$cen. = w' sin (N + lO (N) 

Put — 6cosA = n'oos^ 

a sin A = n' sin 0^. 

•M . # o . * # o sin A xTfc AWN 

Then, tang^ = — g.tongA,n'=-2j^, . . . (P, Q) 

and, Pr = n' (sin N cos ^ + COB N sin^ = ♦>' sin (N + 0> 
or(B), nut. in dedtn. = n' Ai (lif + 60 (R) 

The observations in the last Article relative to t, 9, m and n, apply 
equally here to t'> ^i ^^ and n\ 

To find the milar nutcUion in right eucentian and declination. It has 
been found that the solar nutation maj be explained bj assuming the 
pole of the equator to describe a small ellipse about its mean place, in 
like manner as for the lunar nutation. For the solar nutation, we have, 
Fig. 61, PC = 0".665, Td = 0".500, and the arc ABO = twice the 
sun's longitude. Hence, if S be the sun's longitude, the formulae for the 
solar nutation in right ascension and declination will be the same as for 
the lunar, except that, instead of the values of a and 5 in the last Article, 
we shall have, a = (r.545 and, b = O^'.S, and, instead of N, we shall 
have, 28. 

JNote. As these values of a and b are about y*^ of their values for the 
lunar nutations, we maj obtain approximate values of the solar nutations, 
bj computing as for the lunar, only using, in (N and B), 2S instead of N, 
and taking j^ of the results. 

67. Cfiven the eceenirici^ of the orbit of a planet and the mean aino- 
nudy, to find the true anomaly. 

Let the semi-ellipse PDA, Fig. 62, represent one^half the orbit, C the 
centre, S the place of the sun in one focus, D the place of the planet in 
Its orbit at any time, and P the place at which it would have been at that 
time if its angular motion had been uniform. On the diameter AP let 



Digitized by VjOOQIC 



APPENDIX TO PABT L 283 

the Bemi-dide AGP be deseribed, and let CL be drawn parallel to SF, 
and QDH perpendicolar to AP. Then, the angle PCL = PSF ia the 
Bieaa anomaly, and PSD ia the true anomaly. The angle POG- b oalled 
the ecoaUric anomaly. 
Aasamnig AO) the mean distance of the planet, to be a nnit, pnt 

e == SC = eccentricity 

m = PCL == PSF = mean anomaly 

ti = PSD = true anomaly 

X = PCG = eccentric anomaly 

T = time of describing semi-ellipse PDA 

t = time of describing arc PD. 

By ihe property of the ellipse, 
area PGA : area PBA : : AO : CR : : area PGS : area PDS; 
or, area PGA : area PGS : : area PRA : area PDS. 
Bat, by Kepler's second law (158), 
area PRA : area PDS :: T : L Hence', 
area PGA : area PGS : : T : < : : 180** : PCL : : area PGA : sect. PCL. 
Hence, sect. PCL = area PGS 

sect. PCG — sect. PCL = sect. PCG — area PGS, 
or, sect. GCL = triang. GCS (A) 

Bat, sect. GCL = } AC x arc GL, and triang. GCS = i AC X CS 
X sin PCG. 
Hence, arc GL = CS x sin PCG = eAnx. 

Or, for the arc GL, or angle GK)L, in seconds, we have (App. 61, Oor.), 

angle GCL = e»sinx (B) 

Also, since PCG = PCL + GCL, we have, 

X = m '\- e*A tia X (C) 

For most of the planets the Talne of « is less than 0.1, and it is not for 
any of them more than about 0.25. Hence, it is eyident (B), that the 
angle GCL is generally quite small, and that it is never large. The sec- 
tor QCL differs, therefore, but very little firom the triangle GCL, and 
we have (A), triang. GCL = triang. GCS, nearly. Consequently, SL is 
nearly parallel to CG, and the angle PSL is nearly equal to PCG, the 
eccentric anomaly. 
Pat 2d = 180<» — diff. of angles CSL and CLS 

p =z angle PSL = eccentric anomaly, nearly, 
x=p + z. 
By trig., we have, 
CL — CS : CL + CS : : tang } (CSL — CLS) : tang } (CBL + CLS), 

or, 1 ~ e : 1 + e : : tang J (180*» — 2^0 : tang J (180<> — m) 
v2 80 
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or, J — « : 1 + e : : cot (90*» — J m) : oot (90* ^ d) : : tang } m : 
taagdf. 

Hence, tang d = ^ tang } m (D) 

But, Jm + d = 90<» -- J (OSL + C!La) + 90o — i (GSL ~ CM) 
= 180O — CSL = PSL =p, 
or, j^ = im + d . . (E) 

Now, substitating p + z instead of x in fonnnla (G) and obsenring that, 
as z must be yery small, we may regard oo8z=;il, and » anz=^Zfin 
seconds, we have, . 
P'\'Z = m'{-eoBin(jp'\'z) = m'{-etaAnp'{-ezwBpf very nearly 

Hence, z = ^ ^, very nearly. • . . (P) 

' 1 — e COBp ' -^ -i^ V / 

^d, since x =p -|- ^i we have, 

, m + ewsinp — p , ^. 

''=-p+ +i-«L/' ^'y^*^' ^^ 

If a? is desired with sUU greater accuracy, it may be obtained by taking 
p equal to the value of a; found from formula (G), and recomputing with 
this value. This repetition is, however, seldom if ever neoessary. 

Now, as AC = 1, 8C = e, and PSD = ti, we have, the property of 
the ellipse, 

l-f-^<'os» 1-j-CCOSI* 

But, SH = CH — CS == CG COS PCG — OS = cos a; — «. 

„ (1 — c*)co8v oosx — e 

Hence, ^= — ; — = cos x — ^ e, or, cost* = z • 

l-f-ecostf ' ' ^ I — ecosx 

But (App. 12), 

. ., 1 — cost* 1+e — n[4.e)C0S« l+« 1 — 00805 

tang" i u= s— T z=, — ! , >; ^ ; =r— ^ i — -, 

® ' 1 + cost* 1 — c + (l — e)cosx 1 — e 1 + cos as 

^liftang-Jx. 

Hence, tang |iip=: tang *«>/ L±J . ^ , . , (H) 

Havjmg found the value of p from the expressions (D and S), we find 
7 from (G), and then the true anomaly i*, from (H). 

58. lb determine the height of a hmwr moimla^. 

Let ABO, Fif. 08, be iJke ^nUghtened hemL^here of the moon, E the 
situation of the earth, ES' the direction of the sun from the earth, and SM 
a solar ray, touching the moon in 0, which will be one of tjie pointa in 
the cirre .leparaling the enlightened from the dark pari of the moon. 
Also, let M be the sunuivt of a mountain, sitaa^ ^leAr to 0, and jual 
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m 



From this valae <St x, sabtMoting its ralae at the time T -f < (D), imd 
dividmg the remainder by if, yn find die avenge hooriy variation between 
the times T + <, and T + < + V, to be, 



»-W:+ 



2t + f 



(«-tV) + 



8^4-8 tf + f 



6 



d + 



^ 24 ^ 

Now^ it 18 evident that the smaller the interval ^ is, the nearer will this 
average hoorly variation approach to the hourly variation at the time T -j- 
t Hence, if we now take ocf to stand for the hourly variation at the time 
T + <, we have, by taking ^^ = 0, in the above expression. 

The hoorly variations, or tiM valuto of a^ «t the whole hoon^ are, 



at, 


T — 2 


b — 2c + J^'— h 


<i 


T — 1 


h-e + id-^ 


M 


T 


b — id 


(( 


T + 1 


h + e + id + ^e 


(( 


T + 2 


6 + 2c + -i^H-Je 



I 



(H) 



mVESTIGATION OF FORMULJE FOR COMPtTTINa SOLAR BCLIPSES, 
OCGULTATIONS, AND TRANSITS: 

66. Let 0, Fig. 64, be the centre of the «arth, A a place on its sor- 
hcey 8 the centre of the sun, M that of the moon, and 8^ M', A', <, and 
m, the points in which OS, OBf, OA, AS, and AM, produoed, meet the 
celestial sphere. Then will S' and M' be the true places of the sun and 
moon, $ and m, their crppar^nr plades, and A', the geocentric zenith of the 
place A. 

Let a be the zenith of the place A, OZ a straight line parallel to MS, 
meeting the cetestial sphere in Z, EQ the equator, E the vernal equinox, 
P the north pole of the equator, arid PB, PC, PF, and PK, declination 
circles through Z, S', M', abd a and A'. Also, let BX and ZY be each 
a^ quadrant. Then, 8in6« BX is a quadrant, X is the pole of the declina- 
tion circle ItB ; and, consequently, OX is perpendicular to OT and OZ. 
Also, since ZT is a quadrant, OY is perpendicular to OZ. Hence OX, 
OY, and OZ form a system of rectangular axes, having their origin at O, 
the centre of the earth, and having the axis OZ parallel to MS, the lino 
jiiining the centres of the moon and sun. 
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67. Taking the equatorial radius of the earth = 1| let 

Xf jf, », he tiie co-ordinates of M, 

o^y,*', " " " 8, 

af',^,^\ a u u A, 
Also let p =s OA = distanoe of place A from earUi's oentrOi 

B=OM= " the moon from ^ " 

K' = OS = " sun « " 

B''=: sun's mean distance^ 

Qc = MS = distance between the centres of the moon and sun, 

A = EF = right ascension of the moon, 

A'=EC= " " sun, 

a =EB= << " point Z, 

^ ^ = EE = <' '< senith| or the ridereal time, 

D = FM'= declination of the mooUi 

]y=CS'= '* " sun, 

d =BZ =z « " point Z, 

t = Ea = '' '< point a, or geogr. Lat. of A, 

f =EA'= " *' pointA', orgeocen. latof A, 

ft = moon's equatorial horiiontal parallax, 

f/ = sun's " " 

it^= sun's " " " at mean distance, 

5 = moon's appar. semidiameter for earth's centre, 

a' = sun's ** " ** " 

^ = sun's '< '^ '^ at mean distance, 

i^=|,^ = |,* = j=4 = 0.2780(99), 

r = n =3 sun's radius yector to mean dist, a unit. 

Then we haTe (98. E.), B = ". — , and R'' = -v-— ^ Consequently, 

Bin ft Bin ff 

_R_ B _ rinn^ 

We have also (99. Cbr.), Sun's radius = . a 

Moon's radius = -r — = * 
smic 



(a; 



(B) 



68. Tojindthevalueio/ a^djondg. Let EX' be a quadrant. Then 
OX^ OP, and OE will evidently be another system of rectangular axes, 
having the same origin as the former system. On OZ, take OL = MS, 
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and let MO, SH, and U be perpendicular to EOQ, tbe pkne ef the 
equator, meeting it in O, H, aad L Also let aU, HY, and IW be per- 
pendioalar to tkeaads OB, and let GN be parallel to it As MS and OL 
are parallel and eqnal, their projeotions OH and 01 ase parallel and equal. 
Henee, as ON is panllel to OW, the fight angk teiangles ONH and 
OWI, are equal, and we hare OW = ON = UV = OV — OU. Con- 
sequently, that ordinate of the point L, which is parallel to the axis OE, 
is equal to the difference between the ordinates of S and M, parallel to 
the same axis. The same relation must evidenUj have place for the 
ordinates paralld to the axes OX' and OP. Hence, if we put a, a', and 
J" for the ordinates of M, 8, and L, paralld to OX'; /3, jS', and fi"^ for 
those parallel to OP; and y, /, and y", for those parallel to OE, we shall 
have, •" = a' — a; /I'' = /I' — /I ; and y" = / — y. 

Now, since OL = MS = 0, we have 01 = OL cos BOZ = cos rf; 
and, consequently, / s= OW ^ 01 cos BOB = O cos c^ cos a. AIso/l^ 
= LI=rOLsinBOZrr=Osin<f: and •'' = IW =:OIsin EOB = O 
cos <i sin a. The co-ordinates of S and M will endmiilj have similar 
expressions. Hence, we have, 

y' = O cos <f cos a j5^ = O sin <f •" = O cos <f sin a 

• = R' cos ly cos A' iS' = R' sin ly •' = R' cos F sin A' 

y =RcosDcosA jl =RanD o=RcosDanA. 

Consequently, Ocosc2cosa = R'cosiyco8A' — RoosDcosA 

Ocos<irina = R'o06iymnA' — RcosDsinA 

Osin<;B=B'siiiiy--RsiaD. 

Multiplying the first of these last three equations by cos A', and the 
second by mn A', and adding the products; and multiplying the first, bj 
sin A', and the seccmd by cos A', and subtracting the first product from 
the second, we obtain, 

Ocos<2ces(a — AO:=B'oos]y — RQOsDcoe(A-*-A0 
OflQS<28i&(a — AOr= — RcQ0Dsin(A»AO 
O sin <i = R' sin F — R sin P. 



O R« 

Dividing by R', and putting g for its equal — , and r for its equal ^ 

we have, ^^ ^ 

^cos<fcos(a — A')=oosiy — rcosDcos(A — A^) 'J 

^cosrfsin(a — A0= — r cos D sin (A — AO \ {p) 

^sin<£=:siniy — rsinD / 
V 81 



Digitized by VjOOQIC 



APPENDIX TO PART L 
_ "COi D rill ( A ' — a) 



9- 



mn St 
mn'DeoB d — ooBDrincfoosA — a) 



Bin H 



m'DAkd + WB'DtfMd^OB (A — a) 



248 



(JO 






(G) 



am ^ 

In fike manner we find 

a/' = pco8f^8in(/» — a) 
y = p sin ♦' 008 rf — p cos t' sin (2 cos I 
^spsinf'sinci-j-pcost'coscioosl 
By substituting, 1 — 2 sin' i (A — a), in the formulae (¥), instead 
of its equal cos (A — a)^ (App. 8), and reducing, we obtain the follow- 
ing more simple formulse for computing, x, y, and z, 
cos I) sin (A -^ a) 

sin K 
rin (D — cO 
^ sin ic 

008 (D — rf) 



sm H 



- « tang i (A • 
aj tang J ( A - 



- a) sin <i 
a) cosci 



(GO 



70. To find the equations of contact. Let the points 0, A, M, and S, 
and the axes OX, OY, and OZ in Fig. 63, be the same as in Fig. 64. 
Oonceiye a conical surface FEBGG, having its vertex at E, in the line 
SM, to circumscribe the sun and moon ; and another FE'BCG' having its 
vertex E' in SM produced, to do the same. Then, it is evident, that 
whenever the surface FEBCO- meets the place A, there must be, at that 
instant, an external contact of the limbs of the sun and moon ; that i?, 
Uie eclipse at that place must be just beginning or just ending. And if 
during the eclipse, the sur&oe FE^OO' meets the place A, there must be 
at the instant at which this occurs, an internal contact of the limbs ; that 
is, the eclipse at the place A must then be just commencing or just 
eearing to be either annukir at total. 

Hence, it follows that, if a straight line AD, drawn from A perpendicu- 
lar to SM produced, meets the surface FEBCG in a, and the surface 
FE^CO^ in (/, there must be an external contact when AD = aJ), aild 
an internal contact when AD = a^D. 

Now, since AD is perpendicular to DM, and DM is parallel to OZ, it 
follows that AD is parallel to the plane XOY; oonsequenUj, the co-ordi- 
nates of the point D, are x, y, and «^. Let AX", AY", and AZ", bo 
respectively parallel to OX, OY, and OZ., Then, since AX", AY^, and 
AD, are each parallel to the plane XOY| thej are all in one plane. Henc^, 
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I» theie, the icfyer g^ ia tp be taken fi>r an ex^rmoj Qontaoty tad, the 
Ibioar for an intenua oontaot. Alao^ if we take d^ = 15' 59^^788, ^ =e 
0^725, and k"' = V.bll^ as detemOned by Beml^ Burkhardtf and 
.SidS^ lespeotiTelyi we haTOi 

log. (an d^ + i^iiA lO « 7.6668050 
log. (ain tf' — jfe am i/') == 7.6666896. 
Then will the eqnationii of eontaot be, 

AsinP=y— y; ^^^ 

71. SohUicm of Ae equoHom of ixmiad. Let the vahieB of x^ y, x^, 
and y y found for a time T, taken to & whole hoar near the time of new 
moon, be p, ^, «> and v^ leqwetively, and let their average honrly moiaiions 
between the time T and anothar time T + <, be j/^ ^^ W, and i/. Then, 
at the time T + <, we shall haye, x=^p +y<> y = S^ + j'^ a^' = « + 1/^ 
and y = 9 + i/t Gonseqnently, if T + t be the time of eantaot, the 
eqnatione of contact (N), will becomci 

h^V^p^u + (j/-^)t\ 

A8inP=j — r + (2'^tO</ ^^ 

The yaluea of j/ aikd ^ may be fonnd by the formnla (App. 64 E). 
To obtain expressions Ibr %f and t/, let c be the honrly variation of (^ — a.) 
Taking for (^ — a) and c^ their yalnes at the time T^ we haye^ for that 
time (App. 69 Q), 
, of' = pooBf' smQt, — a) 

y = P sin t' cos <2 — p eos V on <i COS ("/» — a). 

Andy diaregacdiag the slight changes in the value of ooa^Jandnac^we 
have, at the time T + t, 

a^=;;poost'8in(^-r-a-j-lc) 

y' = asinf'oosc{ — pcosV8iAi;coa(^ — o + ^)- 
Henoe (App. 64)| 

- ,m(u — a + te) — sin (a — a) 
f/ = p cos t — ^ • — ^ ^ 

, / • J •«• (m — «) — cos (/* — a + fc) 
1^ == p cos t sin <^ ^^^- ' ^ -^ — ^ 

Bat (App. 21 & 28), mn(^ — a + fc) — sin(^ — a)=2sin|ie 

cos (^ — a + J fc), and cos(^ — a)— cqs(^ — a + fc) = 2 sin|fc 

mQt — a^ i te). Hence, 
y2 
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^ = pQOSf' j^— .oobO — a+ }fc) 

1^ = p ooB t 8UI a • sin (^ — a + } <c). 

When the arc } Ic is very small, we may take the arc itself instead of 
its sine. Hence, in this case, if the are be expressed in seoonds, we shall 

h»ve(App.51),?i^ ^ gg^5„^ = gg^^ 0(»u»quend7,tokiDg 

t = o, in Qm. — a-f } <c), we haye, for the hourly yariadon at the time T, 



vf =zpeoB f' ooa(ji — a). 



1/ c= p cos f' 3mdmn(^ — a) 



20626& 



.'y 



(0) 



Assume |> — tt=rmsinM, jp' — i/ssnsinNl ^v 

q — v = mcosM, ^ — t/ = ficoe N J • • * v -^ 

Then the equations of contact (O), will become, 

AcosP = m8inM4-*^cdnNl ^ 

AsinP==mco8M + fUoosN/ ^^ 

Multiplying the first of these by cos N, and the second by sin N, and 
subtracting the second product from the first; and multiplying the first by 
sin N, and the second by cos N, and adding the produotSy we haye, by 
putting P -|- N = 4, 

;ioos4 = »»«n(M— N) 1 

Asin4==mcoB(M — N) + fK/ CU 

Hence, 

m sin (M — N) 
cos 4 = ^^ ' 

n 

m cos (M — N) A sin 4 
n ' n 

As the coone of a negatiye arc is the same as that of an affirmatiye are 
of the same numerical yalue, ihe arc 4, and, consequently, the last term 
of the expression for <, may be either affirmatiye or negatiye. We may, 
howeyer, always take the arc 4 affirmatiye and not exceeding 180^, pro- 
yided we prefix the double sign to the last term of the expression for t 
We shall thus haye, 

m cos (M — N) _ A mn 4 

n n 

If, instead of A, its yalue, found from the first of the equations (T), ba 
aabstituted, the expression for t beeomes, 
m cos (M — N q: 4) 



n C0S4 
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OoDaodng tiM eqnationsy we hayOi 

_ m C08 (M — N) 
O0B4 J 

m COS (M — N) __ 7» sin 4 

w cos (M ■- N q: 4) 

or, « = — 

' n C0S4 



(U) 



and, T 4- ^ ^= ^ni® of contact 

Tlie «;>p«r sign is to be taken for tlie beginning of the eclipse; and the 
lower for the end. 

Taking for h, its yalue for internal contact, these formuln also servo to 
find the times at which the eclipse, when it is annular or total, begins or 
ceases to be so. 

Semarks. As the yalues of N and n d^nd on those of p', ^, t/, and i/ 
(R), and these depend on the required time T -f* ^ it is eyident that this 
time cannot be truly obtained bj a simple computation of the fbrmulm. 
But, bj computing the yalues of N and n with the yalues of j/, ^, i/, and i/, 
found for the time T (App. 64 F & 71 Q), and taking the yalue of h for 
the same time, an ap^ozimate yalue of T -^ t will be obtained, which 
will neyer deviate more than a few minutes from the true yalue. Then, 
by repeating the computation with the values of y, ^ t/, and t/, found for 
this approximate time T -f <, (App. 64 E & 71 P), and with the value 
of A for the same time, a second approximate time T -j- ^ will be obtained, 
which will be very nearly true. If greater accuracy is desired, the com- 
putation may be again repeated. 

When great precision is desired, it is best, after the second i^proximate 
yalue of T 4* ^ ^ ^^^^ found as above, to take p and q to stand for the 
yalues of x and y, computed for thb time (App. 61 D), and u and v for 
the yalues of oT and y , computed with the yalues of (^ — a) and d, at the 
same time. Then using these values of (/* — a) and d, find |/, ^, n', and 
t/ by the formulsB (App. 65 G & 71 Q), and with the yalues thus obtained, 
compute M, m, N and n. Taking, now, T to represent the second ap- 
proximate yalue of T 4~ ^ '^^ completing the computation, using the 
yalue of A at this time, we obtain T -}- tfthe time of contact, with great 
accuracy. The error arising fix)m disregarding the changes in the yalues 
of cos <i and sin <l is thus avoided. 

When only an approximate calculation of the eclipse is intended, it 
will be suffioient to calculate the values of x and y, only for the times T 
and T + Ihr. The value of or, at the time T will be j>, and that «f y aft 
the same time, will be q. The first value of x, subtraeted firom the secondi 



Digitized by VjOOQIC 



t 
348 ASTBO^msY. 

wOl ^yej/f and the first yalae of y, saUraottd from tke ssooiid, will gire 
^. These yalaes of j/ and ^ may be regarded as eonstant during the 
eelipse. 

Second Solution* By substituting in equations (O); only the aasomed 
▼alues of (j/ — iO «*<! (sl — <0> ^® ^v** 
A eos P =|> — « + !•< sin N 
A8inP = ^ — v + fUcosN. 
Multiplying the first by cos N^ and seeond| by sin N; and subtracting the 
second product from the first, we obtain, 

Acos(P + N)=:(p — «)cosN — (j — v)rinN, 

(p — ii) cot N — (a — v) . „ 
cr, eoi 4 = ^ j ^ = sm N. 

And from the first of equations (O), we haTe, 
A cos P -^ (p — «) 

But since P + N = qp 4, ▼« k»^o P = — N=P4 = — -(Ni^)! 
and cos P = cos (N ± 4). Consequently, collecting the equations^ we 
haye, 



(p — ii)cotN — (a — ») . T„ 
cos 4 = ^^ ' ^ ^ ' sin N 

_ A cos (N ± 4) p — - « 
T + < = time of contact 



(U) 



72. NeareU apparent approach of Ae omUrm. Bipi e asi ng the tahiet 
of ac^ y, a/' and y at a time T + f^, as ifor the time T + ^ in the last 
article, and subetitutittg them in ( App. 70 H), we haye^ 

U cos P =p — u + (f/ — vr).f 

UsinP = j — v + (^ — tO. / 
OP, UcosP = msinM4-'*^Mi^N J 

U sin P = m cos H 4- n/ cos N. ' . 

From which we obtain, 

Ucos4 = msm(M — N) ' 

U sin 4 = m cos (M — N) 4- n/. 

Adding t(>gether the squares of these equations, we have^ 
U« = i»«rin«(M — N)+ (iiieos(M — N) + iU')^ 

New as the squares of rsal quantities are always affliinatiye, il te evi- 
dent that n must haye its least yalue when mcos (M — N) + *>^ = 0* 
And then U = ± m am (M — N) = ± A cos 4* But when U or AD 
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74. Pcmiian of Ae point o/contacL As the eirth's ndiiiB b iiMieaiiU» 
in oompariaon with the distanoe of the celestial sphere, AX, AY, and AZ, 
IKff. 64, may be regarded as parallel to OX, OY, and OZ, and, oonse- 
qnentlj, as corresponding to AX'', AY", and AZ", Fig. 63. The line AZ 
being parallel to OZ, it mnst be parallel to MS, and most, therefore, be in 
the same plane with Am and As. Consequently, the plane ZAm, which 
passes ihrongh the moon's apparent centre m, passes also through the son's 
apparent centre $, and, therefore, throngh the point of apparent contact 

Let Z«fi and Za be arcs of great circles. Then the angle PZm will be 
the angular distance of the point of contact from the declination oirdePB, 
passing through the pdnt Z, and the angle aZm will be its angular dis- 
tance from the yertical circle oZ, passing through the same point. But 
the distance of Z from «, at the time of an eclipse, never exceeds a few 
seconds.* We may, therefore, regard the angles PZm and aZm as ex- 
pressing respectiYelj the angular distances of the point of contact from a 
declination circle and a yertical circle, both passing through the apparent 
centre of the sun. 

Now the angle PZm is the angle made by the plane ZAm with the 
plane Z AY, which is equal to the angle made by the plane Z^AMS, Fig. 
68, with the plane Z"AY". Therefore, the angle PZm is equal to the 
complement of the angle made by the plane Z"AMS with the plane 
Z"AX'', and, consequently, it is equal to 90^ — P. But P = 4 — N ; or, 
since 4 is negatiye for the beginning of the eclipse, and afllrmatiye for the 
end, P = q: 4 — N. Hence, PZm = 90? + N d: 4. 

Put F = PZm = angular distance of point of contact from the north 
point of the sun's disc, to the lejtf Y = aZm = angular distance of the 
point of contact frx>m the sun's vertex, to the lefy and Q = PZo. Then, 
y = F — Q. Consequently, we have the following expressions, in 
which, the upp«r sign appertains to the beginning of the eclipse, and the 
lower, to the end. 

* Since MS is parallel to AZ» the angle «AZ ■■ ASM. Bat when a coincides with 
' X, Fiff.es, we hETC ASM ■■ oSM ■■ a£M — SoG ■■/— r, Tcryntarly. Hence, 

JV- 64, «Z..ang. «AZ-./— A Now» sin /i« ^ (sinr+ibsiny^) »! 

/^.j« J' _j_ I. ^« -f\ sin/+^ iini^ . ^ , rsin/' + Jfcsinif' ^^ 

(tin r + kmnn^) ■■ ^ZZ "" ■"• H TZZ » ^* ***^"'8 w«s 

»niteadof8inee,/»/ + ^!^^:^-~^,and/--/» ConieqaenUy, « Z — 

/^ — ; the greatest valne of which Is about 6". 
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V=90*' + Ndz4' — Q J ^ ^' 

To find Q; we have, from the spherical triangle ZPa (App. 37), 

X x%rw cot Pa sin PZ — cos ZPa cos PZ tang ^ cos d — sin d cos (/» — a) 

cot riM = ; fp=z = X r r 

Sin ZPa sin (^ — a) 

X ri sin (^ — a) ,^^ 

or, tang Q = ; , ^ , — •— — 7 r (1 ) 

' ° tang toosa — sinacos(/i — a) ^ 

If we mnltiply both namerat<nr and denominator of the valne of tang Q, 
by p COB t> the prodnots will only di£fer from the yalaes of a/' and y, by 
having f instead of t'« Henoe, 

a" 
tang Q = -^ nearly (Z) 

Remark. The data for computing an eclipse by the preceding fbrmnla 
are easily obtain^ from the Naatical Almanac^ as the moon's right ascen- 
sion and declination are there given for CYcry hour. In the Berlin Ephe- 
merisy the valaes of x^ff^ I, log. z, and log. tang/^ for all important 
ecHpseSi are given for seyeral oonsecntiTe whole hoars near to the time 
of new moon. This yezy mooh facilitates the computation.* 

75. Other /ormtdm far finding the vaiue$ o/the quantitie$ contained in 
the e^uation» o/cantaci. The equations of contact depend on the relative 
positions of the sun and moon. Hence^ as the son's parallax is very small, 
it is evident that the equations must still be very nearly true, if, in finding 
the values of the quantities contained in them, the moon's parallax be 
assumed to be equal to the di£ference of the parallaxes of the moon and 
sun, and then the sun be regarded as having no parallax. The error in 
the computed time of beginning or end, resulting from these assumptionf| 
will not exceed a small fraction of a second. 

Taking, therefiire, h — t/ instead of k, and then assuming it' = 0, we 

have, r = :gi = -. = 0, and (E), a = A', d = D', and a = 1. 

' B' sin K ^ ' ^ if 



• The preceding method of eompiUing a solar eolipM, is deriTed from an ex* 
eenent inrootigation of the subject by Professor Bessel, Attr. Naeh, No. 821. 

Prof. Hansen has shown, Axtr. Naeh. No. 847, that, in small eclipses near the 
hoiison, refraction produces a sensible, though very slight influence on the 
times of beginning and end. In other oases the effect of refraction is quite insen- 
sible. 
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y = 



z = 



or 



'} 



(«) 



(fO 



Therefore (Q' and F), 

coe D rin (A — AQ 

Sin (k — H) 
BJnDcoBiy — ooeJ)8iniyeo8(A->A0 

sin (x — ft') 
8inDsmiy + ooBDooeiyoos(A — AQ 

SIB (f« k') 

^ 008 D gin (A — AQ 
Bin (ic — kO 

. = ^l^Zl»2_«t«gJ(A-A')oo.D' 
(sin K — iT ) ® ^ '^ J 

Qti without sensible etror, 

OPS D sin ( A — AQ 

*"" sin(ic — lO 

y = «LjS^ZI»L>+jxs^ 

^ sm (k — If ) ^ ' 

, =?^i^?J=:^ - I xsin (A - AO oosiy 
sin (ic — ir) ^ 

a/' = p 008 t' sin (/* — A') 

y = panf' oobV — poosf'siniyoos (^ — A^) 

1^ =p8int'8iniy + poo8yoo8l>'oos(^ — A') 

W«&sTealeo(M), an/=— ;— =5siii<', «r, /ssf. And instetd 



(«0 



(t) 



Bin B 



sin d 



A; Bin i 



of *, or its eqnal ". — , we luwre, -; — -7? or -j— ^ -^, Henoe. 

' ^ Bin ic' ' Bin (x — K^ Bin (x — ir) ' 

rejeotbg, in the valne of ^ the taictn Bee /, which differs extremely litde 
firom a unit, we have (M)^ 



*=Z — «"tangy j 



(0 



Tsking, for e, the hourly yariation of (/* — AOi we haye^ for the aTerage 
hourly variation of a!' and y , between the times T and T + # (P), 

, ,2BinJ<c , A/iiA.\ 
tir=3pOOS t' jj oos(^ — A'+ J«r) 

2Bin}te 



v^ = p cos t' rin 1/ • 



:oosO*~A'+*fc) 



60 
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A J aU r / N COS X COS (L — I/) 

And, therefore (a\ z = ; — r—^ jr — ^. 

' ^ ^' sin (x — it) 

Mnltipljing the second of the equations (a), by nn (k — i^ cosIX, we 
baye, 
y8in(K— #0<»8l>'=8inDco6"iy— cos I) cos IX sin IX cos (A— AO 

= sinl)— (cosI)cosiyco8(A— AO + «mDainiy)riniy 
= 8inl) — cosxcos(L — JJ^tanV 
ssintoosx^sinL — cos (L -r- L^) sin L') -|~ <^<>0 < Bin x 
= siniCOsxco8L'nn(L — L')-|-costsinx. 

Also, mnltipljing tiie iBrst <^ equations (a), by sin (k — f/)e(MV,wt 
hare, op sin (k — k') cos IX = cos I) cos D' sin (A — AO 

=cosI)8inAcos]yooeA' — QOsDoosAcosIXsinA' 
= cos t cos X (sin L cos U — cos L sin L') — sin t sinx cos 1/ 
= costoosxsin(L — I/) — sin isinxcosU. 
Hence we haye, 

cos f cos X sin (L — I/) — sin t sin x cos U. 

cos jy sin (}< — ft!) 

sin t cos X cos 1/ sin (L — I/) + ixm • mnx 

^ cos ly sin (k — ic') 

cos X cos (L — U) 

sin (k — f^) 

As at the time of an eclipse, x and (L — I/) aie always small arcs, we 
may, for an approximate calculation, regard the cosine of each as equal 
to a unit We shall then have, by taking x, (L — 1!) and (ft — lO in 

aeocmds, instead of their sines, and putting C = -; n 77, 

' ^ ro ^^ — W)wmjy' 

a: = C. (L — L') — C. x. tang t cos 1/ ^ 

y = C. (L — U) tang . COB L' + C. X _ 

1 \ C/O 



CO 



% =s 



sin (k — ir') 



77. Central Edipm. If, during an eclipse, the line SM, produced, 
F^. 68, meets the earth, there must eyidently be a central eclipse along 
the line in which it meets the illuminated suHSm^c, in its passage aeroes 
this surface. Let SH, produced, meet the plane XOY in IK, and let A' 
be the point in which 01/ intersects the earth's sur&ce. Then, smca IXS 
is parallel to OZ, it must be perpendicular to the {dane XOY, and conse- 
quently OJy is perpendicular to IXS. The central eclipse must, therefore, 
beg^n or end when V coincides with A^ Draw A'j/ parallel to YO. 
Then, when V coincides with A', we haye x = Op' = a^, and y 3e= A'pf 
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rsjT. Put P = angle FOX. Tlien (V = OA'oosP = p oosP, and 
Ay = O A' am P = p am P. Henoe, for die beginning or end of the 
eentnd eelipae we hxft, 

,^T=x = af 1 

p«iP=y = y / ^^ 

Ttke Tf Pf and q, as in (App. 71), and let j/ and ^ be the hourly varia- 
tiona of x and y, at the time T. Then, as great aoonraoy is not important 
in investigations and compntations relative to the general eclipse, we may 
ngudj/ and ^ as constant. We shall, therefore, at a time T -f- ^ ^^^ 
X =|> -|- f/if and y =:q + ^t Put 
p = fii sin M , 
^ r= m eos M, 

Then fl; = m8iAH + *^ sinN, and y*=moo8H-|-iUeo8N. 
Henee, if T + < be the time of beginning or end of the central eolipsey 
wehaire^ 

peo8P==fiisinM-|-fU8inN 
Consequently, as, in (App. 71)| we obtain 



j'=iioosN / ^^ 



} 



(0 



m sin (M — N) 
9 






m cos (M — N) _ p sin4 



(*) 



— AO J 



n n 

P = 4 — N 

ffinee, for the place A', V' = 0, and (^), a/'sspeosP, andy = psin 
P, we have (6), 

eos P = cos f ' sin (a» — h!) 

8inP = 8int'cosiy — cos Vein ly cos (^ — AO ^ • • (J) 
=sint'aniy + oost'oosiyco0(^ — AO 

Multiplying the second equation by cos IX, and tiie third by sin IX, 
and adding the products, we havci 

rin4i'=sinPcosiy (m) 

From the third equation of (Q, we have, — sin V tang IX = cos t' oos 
(^ — AO- But (m), — sin t' tang IX = — sin P sin IX. Hence, 
— sin P sin IX = cos t' COS (/* — A'). IXviding this into the first of 
equations (Oi we obtain, 

*»«o»-^'=--^ w 

IXvi^ng the third of the equations (0, by cos V «» I^i and transposng, 
we have, 

tang. t' = — cotlXeoeO* — AO (p) 
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Tikiag p = 1 1 W8 flodi from «be eqoitiojis (Xr), ibe times voj &o*tlgri ^^ 
wUoh tiie oQiitnl edifwe for tke e«rih m genendi begini tad ends. Tke 
Tallies of (fft — AOy fovnd from («), subtracted frem its Takes al tbefint 
meridian, at tbe times T -f- ^ &^ the longstodes ai die places at which 
the eclipse begins and ceases to be central; the longkiide being weti or 
ea$tf according as the remainder is ajfimuUive or negatwe. The geocen- 
tric latitudes of the places may be foimd eitber from equation (m), or (p)« 

If greater acoiracy is dedred, we maj, after finding the Value of 4 (^)y 
compute tbe yalne of 4' (m), and then, after having found the oorreq^ond- 
ing value of p froma table of its Talnoi* make the eompntation with 
this value. 

78. To find a $ene$ o/plaee$j ai which A^ edtpte vfiU he central. It is 
etidcnt that^ at the time an edipss is central at any place A, we bare z = 
j^yaadyamy^. Hence, taking the values of « and y, as mtiie last artkfe, 
webavci 

mBan'M,'\-ntmiiT^ = peoBi^'m(p^^ AO 
fMcosM-|-nlcdsN = psint'eoBiy — pcest'sin]yoos(|» — A'). 

Multiplying the first by cos N, and second by on N, and subtrading 
the first product from the second, and then multiplying the first by sin N, 
and second by cos N, and adding the products, we obtain, 
— m8in(M — N) = psint'cosI/8inN — pcosf' 

(rin (^ — AO COS N + rin ly mn N COB 0* — AO) 

and ificos(M — N) + fi< = psint'cosiycosN + pcost' 

/sinO* — AOsinN — mnlXcosNcosO* — AO) 

Put sin ly nn N = m' sin M'l sin ly cos N s= n' sin N', 
cos N » m' cos M', sin N =rc n' cos N'. 

Then,— fnMn(M—N>=ipsint' cosIXsinN—pm' cost' sin(/i—A'+M'), 
#1 cos (H--N)-f^=3p8int'cosIKcesN+pii' cost' sin (>^-^'--ir)* 
Putrn'rinOi— A'+MO = ftBinB'l ^ m^ sin(M — A^-f MQ 

oosIXsinN^icosB/'**"*^^ cosFsinN 

m. ' ^^ %T\ T • ^ / i>N p sin (t'— B) cos ly sin N 
Hen,— ifi8m(M— N) = pism(t' — B) = i ^ ^^ » 

mcos(M— N)+n<=p»nyoo8iycosN + pn'cost'ffln(^ — A'—F). 

«. . ^ '.>N msinfM — N) ^ 

Henc «B (V - B) = — ^^j^^^^^oc B 



• B— table XYL 
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the time the edifwe 10 oentnl there, H'sssitBYiJiieattbefuntiiieridjaBat 
«IietiiiieT,wd>,;;*r4Uloiigitadeoftheyeqiiindp Xheii,H'^+15< 

ft ffi 

IM 

(H — N') = ihe hour angle at the first meridian, at the time T. 

xbH' ^ :+(rfn#' 4-{Cos#'dn(H— N^ H 

„, 16»»ooe(M — N) , „, , . , IScobFomN 
ft n 

+ P COB t^ Bin (H — NO —- — <H + M9. 
Prt H''«H'-Hj:L~l(Mz:i?2 + M',L = H+M'«^--A' 

ft 

^ ' ^ ' ooelramN' eml/BuiN' 

ISoosFcoeN^y^l^^ Then, L - 8 = (H + MO - (M' 

-f NQ = H — IT. Henoe, aasoming f == 1, we have, by aabstitotioDi 
tangB = F0inL ^ 

0in(t' — B) = (yoo0B I (j) 

n = H" + IT 0in t' + F co0t'siii(L--S)— L j 

The quantities H'' and S and the logarithms of V, (7, W, and F, heing 
computed for the time T, may be regarded as constant throughout the 
eclipse. Let the Tilneff ef L, at tke times of beginning and end of the 
central eclipse be obtained, by adding M' to the value of (f* — A'), as 
found by (n) of the laat article, for each of these times. Then, assuming 
for L, any intermediate Tahie, and finding B, from the first of equations (^), 
wt obtain f' from the second, and % from the third; and these are the 
geocentric latitude and the longitude of the place at which the eclipse is 
ceotial, when L has tbia assumed tmlue. By assuming for L a series of 
Talues between the extremes mentioned above, a corresponding series of 
places at which the eclipse will be central may be found. 

Taking h = » tang/ — k sec/ which is its value fbr internal contact^ 
eze^ that the small term i^ tang/is omitted, and then putting (Y =. 

^JL|y3^4 > ^^ formulae (2), aerve to find a series of places 

in Ihe nettiiem or soutliem limit of viability of the annular or total 
eclipse. 9or an annular eclipse, the upper rign corresponds to a place in 
wS 88 
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Ihe northern limit, and tbe lower, to one in the eoothem Hmit The eon- 
tnrj has place for a total eclipse. 

When a series of places at which the eclipse will be central has been 
foond, if a curve line be drawn through their positions on a map, it will 
represent the line <^ the central eclipse. 

If a series of places in the northern, and also in the southern limit <tf 
annular or total visibility, be found, and lines be drawn through their pen* 
tions, thej will bound the narrow portion of the earth's surfiMC, within 
which, the eclipse is annular or total, as in Fig. 66, which applies to the 
edipss in Maj, ISSe."*" 

Note. The arcs B and (t' — B) in f ormube (^), may each be taken 
less than 00^, being marked affirmatiye or negative according to the sign 
of the tangent or sine. 

79. OccuUoUion$. If, instead of the quantities referring to the sun, 
those referring to a star or planet be taken, the formulso obtained for com- 
puting an eclipse of the sun will also be applicable to the computation of 
an occultation of the star or planet. 

For a 9Utr^ aa its diameter and parallaz are insensible, we have, r = 0, 
«=jl',if = Z>',/=o, Z = Aj, A = ^ = * = 0.2726. Also, as the star's 
right ascension A', does not sensibly change during the continuance of an 
occultation, we have, the hourly variation of (^ — AO = IS"" 2" 27^84 = 
54147''.84. Hence, 

cos D sin (A — AQ 

sin K 

0^ = ^ COB t' sin (/* — AO 

^ = pmnf' eosjy — pcost'siniycos(^ — A*) 

^ = P CO. V . 2"°(^-27073".92) ^ (^ _ ^, ^ , 2,0^8,92) 

ife COS P = a; — a/' 
ifcsinP=y — y. 

* For the investigatioii of formiiln for determining the entire Uttita ef viAillty 
ftnd ether eironmstances relative to the general eclipse, as represented in F^, 06, 
the student may be referred to Woolhoose's Tract on Sclipee^, which fonns Ihe 
Apnendix to the Nautical Almanao for 1886. This enl^ect has also been very 
fUly investigated by Prof. Hansen in the Attr. iVacA. Nos. 889 U 842. 
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Hie podtion of the point of oontaot, in an ocoultation; is nsoallj denoted, 
by giving its distance from the north point, or from the vertex of the 
moon's disc. The expression for this, will evidenilj be obtainedy very 
nearly, by snbtraciing 180^ from the expression for the position of the 
point of contact in an eclipse of the son. We shall thus have, if F and Y 
now refer to the north point and vertex of the moon's disc, 
F = N di 4 — 90^ 
V =Nd:4 — 90^ — Q. 

The first expresses the distance to the Itfi alt the north point of the 
moon's disc, and the latter, the distance to the Ufi of the vertex.'*' 

80. TroMiiU ofMsrcwry and Venui. Instead of the qoantities which 
have referred to the moon, using those that refer to the planet, and taking 
k = 0.8766 for Meroniy, and 0.9617 for Venus, the formulao obtuned for 
an eclipse Of the sun, will serve to calculate a transit of either of these 
j^anets; observing, however, that the values <tf a, cf, and ^, must be ob- 
tained frt>m the formulsB (D), and not frt>m the approximate formube (B). 

81. Formvilx for computing cm observed edipae of the sun. Let T' be 
the observed mean time of beginning or end of die eclipse at a place whose 
latitude is known, T a mean time at the first meridian, taken to a whole 
hour near to the time of new moon, T -|- < the mean time at the first 
meridian, corresponding to the time T, and €t = T — (T -|- 0* ^^^ 
will cf be the longitude in time of the place at which the eclipse is ob- 
served; it being ecut if offirtnaHvef but west if negative. 

Let p and ^ be the values of x and y at the time T, and j/ and ^ their 
average hourly variations between the times T and T -{- t Then, at the 
time T + <, we have, x = p '\-f/tf and y = j? + j'^. Consequently, 
taking for of', y , and A, their values at this time, the equations of oontiiot 
wiU be (App. 70 N), 

AcosP = p — a/'-fj/n 

hmn'P = q^^ + ^tf ' * * * ^^^ 

Put p — a^ = m sin M, |/ = n8inN'l 

g— y = mco8M, j'zrrncosNj W 

Then, Aco8P = msinM-fiUsinN'l 

AsinP = mcosM + iKoosN/ ^'^ 

• Data are givea in the Berlin Ephemeris, bj which the oomputations of the 
prineipal oeonltations that ooonr in the year, is greatly faeilitated. These also 
indude data, adapted to formnlsB inTestigated bj Prof. Hansen, in the Attr. Nach. 
No. 860, bj means of which the position of the point of contact with reference to 
the ooB^gnoQS spots on the moon's disc, is easily computed. 
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H«iioe W6 haye, as in (App. 71), 



m sin (M — N) 
C064= 4 ^ 



mcos(M — NqF4>) 
n 008 4 



To make the oompatatioii; the obseryed time of bej^naing or end may 
be redaoed to the time T + <, at the first meridiani by nsing an ammed 
iongitade of the place. Then, having found the yalnes j/, ^^ a^, ^'^ i*^ 
and Ay for this time, and oompnted the values M, m, N, and n, from («)) 
we find <f from (ti). If ^^ thus found, does not differ more than a few 
minutes from the assumed longitude, it may be regarded as the true kmg(- 
tttde,aa obtainedfrom the observalian. Butif <f difforsoonsiideral^froiu 
the assumed longitude, the computation should be repeated, taking <f as 4k 
assumed longitude. When the beginning and end haye both been obserred, 
thd computation should be made for each, and the mean of the two results 
be taken as the longitude of the place. 

8S. As the solar and lunar tables oannot be leg^unded as perfectly aeeu- 
rate, the longitude obtained as above is liable to a small enrur depen^Bng 
on little entMrs in the elements used in the computation. But when the 
eclipse has also been observed at Observatories or other places whoae posi- 
tions are accurately known, tiie means are affoxded of correc fei g the result 
for the principal errcnrs in the el^nents. Those liable to the greatest cnron, 
tlioui^ these are but small, are the lij^t asosasion and declination of the 
moon. 

Let AAandADbediecorrectionawhiehoughttobeappfiedtoAandD, 
the computed right ascension and decliaation of the moon, fo that A + 
aA» and D -f- aD, may be the true values. The values of x andy, cr 
their representatives j> and q^ will require eomciions dependii^ on the 
corrections aA and aD. In obtaining them, we may, without material 

eiror, take, forp and q^ die approximate ezpressions|> = ^^ — ■ 

and q = "" , deduced from the equations (App. 69 F). Suh^tuting, 

in the first of these, A + A A for A, and, in the second, D + aD for D, 
we have, 

cos D (A — g + A A) 
n 

D — J+aD 
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ASTRONOMY. 



PABTIL 

CaiaJogme of the Tahte$f with cccoiianal obmrvatiom. 

HASLlSa t and It 

Logarit&mB and logaridimlo Sines and Tangents, to foor decimal figures. 
To ayoid an extra line of figoresi tlie 10 in tlie index of the tangents and 
cotangents lias been rejected, when the index exceeded 10. 

TABLES IIL> IV., and Y. 

Log. tangent of tlie Obliquity of the Ecliptic. — ^Log. A = log. cosine 
of obliquity of the ecliptic h^ log. of t&« difference of the moon's and 
son's parallaxes, and log. B = arith« comp. log» sine of diffeience-of the p*- 
calIajies.-^Log. tangent of sun's semidiametei. 

TABLE TL 

Latitudes of a number of places with their lon|^tudes from the meridian 
of Greenwich. 

Hm latilodoi and loi^iitiideff ol w&vthk of the plaemi m the United 
States are given according ta the detenauationsof B. T« Pfeiinay the tarmm 
effilor af th0 astroBomicil pttt of the Amirwm Aimtimac, » TalnaMe work, 
■■mshed annurily in. Boston* 
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TABLE Vn. 

Mean Befraotions with the oorrecdoiis due to given ehanges in the states 
of the barometer and thermometer. 

TABLE Vni. 
Son's Parallax in Altitude. 

TABLE IX. 

Mean Bight Asoensions and DecUnations of 80 principal Rxed Stars for 
the beginning of the year 1860| with their Annual Variations; alsoi 
auxiliary quantities to &cilitate the computations of their aberrations and 
nutations. North declination is indicated by the sign phu, and South 
declination by the rign mintti. 

TABLES X and XI. 

These serve to convert intervals of mean solar time into equivabnl 
intervals of sidereal time^ and the contrary. 

TABLES Xn. to XY., inolunve. 
Auxiliary taUeS; for the computations of Sdar EdipseSi and Occultations* 

TABLE XVL 

Seductions of the Moon's Parallax and of the latitude of a pIaoe> and 
also the logarithms of the earth's Tadius, according to the compression jl^. 

TABLE XVn. 

Logarithms to be added to the logarithmic cosine and sine of the geogra- 
phic latitude of a placCi to obtain the logarithms of p cos ^' and p sin f'; 
in which p is the radius oi the earth at the place^ and ^' the geocentie 
latitude. 

TABLES XVra. to XXI., incluave. 

' These serve to find the time (^ New OT Full Moon in any motttii approxi- 
mately, or within a few minutes ijf the true time. 

The time of mean new moon in January of each year, as given in tdbk 
XVllL, has been diminished by 15 hours. These 16 hours have beei 
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idded to the equations in table XXI. Thus^ 4h. 20m. has been added to 
the first equations; lOh. 10m. to the second; 10 minutes to the third; 
and 20 minutes to the fourth. Bj this means, the equations are all made 
additive. 

TABLES XXn. to XXXL, indusive. 

These are approximate Solar Tables, by which the sun's true longitude, 
hourly motion, semidiameter and radius vector, and the apparent obliquity 
of the ecliptic, may be determined for a given time, very nearly. 

The Sun's Mean Longitude, the longitude of the perigee, and Argu- 
ments for finding some of the small equations of the sun's place given in 
table XXn., are all computed for mean noon at the meridian of Green- 
wich, on the first of January for common years, and on the second of 
January for bissextiles. The sun's longitudes and the longitudes of his 
perigee have each been diminished by 2^. As each is diminished by the 
same quantity, the mean anomaly, which is obtained by subtracting the 
longitude of the perigee from the sun's longitude, and which is the ail- 
ment for the equation of the centre, is not afiected. The Argument I. 
is for the equation depending on the action of the moon ; Argument IL 
is for that depending on the action of Jupiter; Argument m. is for that 
depending on the action of Venus ; and Argument N, is for the Nutation, 
or equation of the equinoxes. ' 

Of the 2^ which has been subtracted from the sun's mean longitudes, 
1^ 59' 30" is added to the equation of the centre, and lO'' to each of the 

small equations due to the actions of the Moon, Jupiter, and Venus. ' 

■% 

TABLES XXXTT. to LXIV., inclusive. 

Approximate Lunar Tables, by which the moon's true longitude, lati- 
tude, honsontal parallax, semidiameter and hourly motbns in longitude 
and latitude for a given time, may be determined, very nearly. 

The Epochs of the Moon's Mean Longitude, and of the Arguments for 
finding the Equations which are necessary in determining the True Longi- 
tude and Latitude of the Moon given in table XXXII., are all computed 
for mean noon at the meridian of Greenwich, on the first of January for 
common years, and on the second of January for bissextiles. The Argu- 
ment for the Evection is diminbhed by 29^, the Anomaly by 1^ 59^, the 
Argument for the Variation by S"* 59^, the Mean Longitude by 9'' 44', 
and the Supplement of the Node is increased by 7^ This is done to 
balance the quantities which are applied to difbrent equations to render 
them affirmative. 
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TABLE LXV. 
Kye pages of the Nautical Almanac^ for the month of May, 1889. 

TABLES LXVI., LXVH., and LXVm. 
Tables of Seoond, Third, and Fourth Differences; nsefiil in finding, 
firom the Nantical Almanac, the moon's lon^tnde or latitude for a^y inter* 
n^ediate time between noon and midoij^t 

TABLES LXIX., to LXTTX., iselwhi*. 
Approximate tables for the planet Mercury ; inducBng also a small table 
containing the Heliocentric Longitude, Latitude, &c., of the planet Yenns 
at the times of Transit oyer the sun's disc in 1874 and 1882. 

TABLE LXXX. 
Logistical Logarithms. Thb table is conreuent &»ivovlcingpiq)^ioo» 
when the terms are minutesand seconds, or d e gro e o and miwites, or himm 
and minutea. 

TABLE LXXXI. 

Sedictioat^theMttidiaiw (8e& ]h!oUMa X2X> 

PBEUMINABJ OBSS&YASIQNfil. 

• 

It is frequently conyenient to regard quantttiee as sep a r a ted into tw» 
dasses ; those of one class being catted affirmative^ and those of tiie other 
TitgnHve, Thus, a right line or an arc of a circle, taken in one direction, 
being regarded as affirmative, a line or are taken in the opposite direction, 
is regarded as negative. An affirmatiye quantity is denotedl>y haying the 
ugn -|-i called the affirmative oupiue ngn, ptefized t&it^ and a n^tiye 
quantity by haying the sign — , called the negative or minw sign, prefixed 
to it. Before an, aflfirmatiye quantity Ac dgn is frequently omitted, it 
being understood to be affirmatiye if neither sign is prefixed; but before a 
negatiye quantity the sign must always be expressed. 

If an affirmatiye arc, and a negatiye arc, equal to the supplement rfthe 
former to 860°, both commenpe at the same point in the oircumfoience of 
a circle, they must also both terminate at tiie same point We may, there- 
fore, denote the position of a point in the ciroumforenoe with reference to 
a pyen or fixed point, either by an affirmatiye arc or by a negatiye one 
equal to its supplement to 860°. Thus,, supposmg the affirmatiye arc to 
be 294° 47', we may substitute in place of it, — Qb"" W. 

Tik add quanHtie$,hamng regard to Aeirtigni. When all the qoaali* 
ties haye the same rigu, add them as in common arithmetiO| and prefix 



Digitized by VjOOQIC 



PABT IL 8M 

tiuit ngB to the fum. Wlien ike quantitieB lukTe different ogns, add the 
affimadve quantities into one mim, and tke native into another. Then 
take the difference between these two soms and prefix the sign of the 
greater. 

When sereral arcs are to be added together, if the sum exceeds 860^ 
we mayrejeet 860% or anj mnltiple of ii^ and regard tke result as the sum 
of the arcs. 

EXAMPLES. 



Add,— 2f 11* 

- 7 2 

— 12 57 


12" 
80 
10 
11 


Add, + 8.72 
— 7.58 
+ 2.41 

Suui; — 1.48 

Add,— 

+ 
+ 1 

Sam, + 
or,— 


Add, — 28.4 
+ 75.2 
+ 88.9 


Sam,— 22 10 

Add, + 179' 4' 

— 15 9 
+ 236 27 

— 25 59 


8am, + 80.7 

8» r KT 
2 8 5 
B17 29 47 
12 15 20 


Sam,+ 14 22 


41 


804 15 12 
55 44 48. 



To 9uhtract quanHUes having regard to their tigns. Suppose the sign 
of the qnantitji which is to be subtracted, to be changed, that is, if it is 
affirmatiye, suppose it to be negatiye, or if it is negative, suppose it to be 
affirmatiye* Then proceed as in the above rule for adding quantities. 

When one arc is to be subtracted from another, and the latter is the less 
of the two, we may increase it by 860^. 







EXAMPLES. 




Prom 4' 11" 
Sabt 7 27 




From 27.5 
Sobt. —12.8 


Prom — 8.278 
Sab*. — 8.197 


Bern. — 8 16 




IUm. + 89.8 


ftem. — K.07« 


K«m 812° 
Sakt 17 


17' 
51 


89" From 
47 Sabt 


21» 17' 25" 
166 54 18 


S«m. + 294 
•r, — 65 


25 
84 


52 Sem- 
8 «r,+ 


185 86 48 
224 28 12 



x2 
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To find ike LogariAmic Sine, Chtine, Tangent, or Cotangent of an arc, 
with ito proper Sign, from Tablet that extend only to each minuie of the 
quadrant. 

When the given arc doet not exceed 180^. With the giyen mro, or when 
it exceeds 90^, with its supplement to 180^, take out from the table the 
required Sine or Tangent, Ac. When there are tecondt, take oat the 
quantity corresponding to the given degrees and minutes ; abo take the 
difference between this quantity and the next following one, in the table. 
Then W : the odd seconds of the given arc : : the difference r a fourth 
term. This fourth term, added to the quantity taken out, when it is ^- 
creaeing, but subtracted when it is decreasing, will give the required quantity. 

When the given are exceeds 180^. Subtract 180^ from it, and proceed 
as beforo. When the aro exceeds 270^, it is moro oonyenient, and 
amounts to the same, to subtract it from 360^. 

To determine the Sine of the quantity. Call the aro from 0^ to 90^, the 
first quadrant; from 90"^ to ISO'', the second quadrant ; from 180^ to 270% 
the third quadrant; and from 270^ to 860'', ihe fourth quadrant. Then, 

The Sine ijf an affirmative arc is affirmative for the first and second 
quadrants ; and negative for the third and fourth. For a negative aro it 
is just the royerse ; the sine being negative in the first and second quad- 
rants and afiirmative in the third and fourth. 

The Chsine of an affirmative arc is affirmative for the first and fourth 
quadrants, and negative for the second and third. It is the same for a 
negative aro. 

The TangerU or Cotangent of an affirmative aro is affirmative for the 
first and third quadrants, and negeUive for the second and fourth. For a 
negative aro it is just the roverse ; the tangent and cotangent being nega- 
tive in the first and thud quadrants, and affirmative in the second and 
fourth. 

Note. Negative logarithms or logarithmic sines, Ac., aro frequently 
designated by a small n, placed at the right hand, instead of the sign ~, 
beforo them. 

By attending to the preceding rules, the student will easily find the 
Bine, Cosine, &c., of an aro in either quadrant, with its appropriate sign — , 
as exemplified in the following table : 

I«f . tangent Lor. eotons. 

9.88193 10.11807 
9.88198» 10.11807n 
10.33956n 9.66044i» 
10.33956 9.66044 
10.37659 9.62841 
10.01065n 9.9893611 





In. 




Lofrrin.. 


hog-nlMu. 


870 


18* 


21" 


9.78252 


9.90060 


87 


18 


21 


9.78252» 


9.90060 


114 


85 


10 


9.96872 


g.61916i» 


114 


85 


10 


9.95872» 


9.61916n 


247 


12 


86 


9.96470» 


9.58811n 


814 


17 


50 


9.85475i» 


9.84409 
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The logcuriikviic Sme^ Connej Tangma, or Cotangeni of q% ore ht¥t^ 
given f to find the arc. 

When the given qoantitj can be found in the table, under or over its 
name, take out the corresponding arc. When the given quantity is not 
found exacUj in the table, uid the arc is required to seconds, take out 
the degrees and minutes corresponding to the next less quantity, when 
that quantity is increasing ; but to the next greater when it is decreanng. 
Tike the difference between the quantity corresponding to the degrees 
taken out, and the next following one in the table ; also, take the differ- 
ence between the same quantity and the given one. Then, the first differ- 
ence : the second : : GO'' : the number of seconds which is to be annexed 
to the degrees and minutes. Then, 

For a Sine. When it is affirmative^ the reqwed afllnnative are will 
be, either the arc found in the taUe, or its supplement to 180^. When 
the sine is negative^ the required arc will be, either the are found in the 
table, increased by 180^ or its supplement to 860^. 

For a Oonme. When it is affirmative^ the reqnned affinnative arc will 
be, either the arc found in the table, or its supplement to 860^. When 
the cosine is negative^ the required arc will be, either the supplement of 
the arc found in the table, to 180^ or that arc increased by 180''. 

For a Tktngeni or OotangenL When it is affirmative, the required 
afirmative arc will be, either the are found in the table, <Hr that arc increased 
by 180^. When the tangent or cotangent is negative, the required are 
will be,dther the supplemetit of the arc, found in the table, to 180^, or its 
suppleiBcnt to 860^ 

When the required are comes out more than 18()^, the equivalent nega* 
live arc is frequently taken. 

These rules are exemplified by the quantities in the following table :— * 



log. rine 


9.78252 


arc 


87» 


18' 


21" 


or 


142- 


41' 


89" 


Log. tone 


9.85475n 


arc 


225 


42 


10 


or 


814 


17 


50 


Log. oonne 


9190060 


aie 


87 


18 


18 


or 


822 


41 


42 


Log. oonne 


9.61916i» 


arc 


114 


85 


11 


6r 


245 


24 


49 


Log. (uigont 


9.88193 


arc 


87 


18 


21 


or 


217 


18 


21 


Log. tangent 


10.88956H 


arc 


114 


85 


11 


or 


294 


85 


11 


Log. cotangent 


9.62841 


arc 


67 


12 


86 


or 


247 


12 


86 


Log. cotangent 


9.989d5<* 


arc 


184 


17 


51 


or 


814 


17 


51 



Note. TaUes which extend only to five decimals, will give the arc, for 
a tangent or cotangent, true to the nearest second, for a few degrees, near 
to 0% 90% 180**, or 270® ; for a sine, near to 0® or 180*; and for a comne 
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near to 90^ or 270^. In other cases ihej oannot be dejpended oo to gm 
the soocttds aooontely. They mre, however, soffioisDl for aianj csknls- 
tioDs; particolarljy when the nature of the problem does not make it 
necessary that the r^uired arc qir a^gle should be deternuned with great 
accuracy. 

As most mathematioal students are fbrnished with a set of sneh tables, 
and as an example worked by them will serre as well to ilhistrate a role 
as if worked by those which are more eztensiTe, they will generally be 
need in working the examples and questions in the fi^owing pvoblema* 

MnrmM$um$ friofure Ae £kgn$ rnmi Adiee$ of LogariikmL A loga- 
ttikm is aflinnatiTP whas the natwal anmber is Aflbaatinsi and negatm 
when it is negative. 

When seyeral logarithms, or logarithms and the arithmetieal oenple- 
ments of kgaiithms, an added together, if thciy are all afirmative, or if 
thtie is an ete» nambor ef i^^wH'fe ones, the malting Iggarithfli will be 
afirmatiTe; but if these is an odd nnmber of negative onss^ the wiialting 
logarithm will be negative. 

Instead of the negatirs indejL of the logarithm of a deeimal mmber, 
the index inoieased by 10, is fre^^iently used. Thos, when there is no 
ai^er between the deoimal point and ftrab signifieant figore, 9 is pat for 
the index; when there is one ei^ber between them, 8; when there is 
two, 7; and so en. When this is done, and the resnlting logarithm of a 
eempntatien is the logarithm ef a natnml muabsflry if the index is 9, the 
nnmber will be a deoimal withoni wj eipher betweoa the decimal point 
and first signifieant Sgnre; if it ia 8, there miel be one c^her between 
them; if it is 7, there mnst be two; and so on. If th0 index is near to 0, 
the resnlting number is genemlly int^gml. 

i2^^ec<um</(^ tensm Aetn^ In workiiig 

the folknriqg ptvbkatti, when aevwil l^paathms or logarithms and the 
arithmetical complements of logarithms are added together, the Um in the 
index of the sum are to be rejected* When, howoTor, the sum is the log. 
tangent or log. ootangent of an are, and a table of log. tangents is nsed in 
which the 10 in the index has not been rejeeted, one 10 should be re- 
fined in the index of the som^ if its rejection wonld rednee Uus index 
bdow 6. 
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PKOBLEMS FOR MAKING VARIOUS ASTRONOMICAL 
CALCULATIONS. 

PROBLEM L 

To v9ork, hy logitHcal logarithms^ a proportion^ the terms of which am 
minutes and seconds of a degree^ or of time, or hours and minutes. « 

WiUi the minutes at .the top and seconds at the side, or if a term con- 
sists of honrs and minntes, with the hoars at the top and minntes at the 
side, take from table LXXX., the logistical logarithms of the three given 
terms, and proceed in the usnal manner of working a proportion by loga- 
rithmB. The quantity, in the table, corresponding to the resulting loga- 
nUim, will be the fourth term. 

Note 1. The logistical logarithm of 6(y is 0. 

2. The student will easily peroeiye that proportions that are worked 
by logistical logarithms, may also be worked by the common rule in arith- 
metic. 

ExAJki. 1. When the moon's hourly motion is 81' 57''| wha^ is its mo- 
tion in 89m. 22sec. i Ans. 20' 58". 

As60m. . . ' 

: 89 m. 22 sec 18S0 

::8r67'' . 27^7 

: 20'68" 4567 

2. If the moon's declination change 2^ 29^ in 12 houxs, what will be 
the change in 8h. 21m. i Ans. l"" 44'. 

Asl2h 0990 

: 8h. 21m, 8565 

::2**29' 18881 

22896 

: P44' 15406 

8. When the sun's hourly motion is 2' 81", what is its motion in 17m. 
ISsec.? Ans.(yW. 

4. When the sun's declination changes 22' 14" in 24 hours, what is its 
change in 19h. 25m.? uifw. 17' 59". 

86 



% 
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PROBLEM IL 

I^vm a table in which qwmlitUMiure^vm^fQr each Sign and Degree of 
the eirtky to find the gnanHty correiponding to Signs, Degrtei, Mnutee, and 
Seconds. 

Take oat, from the teble, the qiumtitj oone^Kmdiiig to the giimi mgOM 
$fad degrees; also take the differenoe betireeii this quantity and ^ next 
foUqwing one. Then 6(K : odd minutqe and seconds : : this dii$9ienoe : 
a fourth term* This fourth term added to the quantity taken out, when, 
the quantities in the table are increasing; but sabtractedji when they are 
decr^asingi will giye thet required quantity. 

Note 1. When ihe qvantities ehaage but littl* from degree to degrse^ 
the required quantity may frequently be estimated| without the trouble of 
making a proportion. 

Nbte2f. The giTen quantity with which a qvantity is taken from a taUe, 
n called the A rgwme n t, 

Note 8. In many tables, the argument is giren in parts of the drdci 
supposed to be divided into 100, lOQO, or 10,000, &e., parts. The method 
of taking quantities from such tables is the same as is giren in the abofe 
rule ; e^^sept that, when the argument changes by 10, the first term of the 
proportioia ^ust be 10, and the second, the odd units; when the argument 
changes ,by 100, the first term must be 100, and the secon^,. the odd parts 
between hundreds; and so on. 

Exam. I. Oiven the argument 1* 9^ 81' W, to find the corresponding 
quantity in taU» XLIV. Ans. 11^ 13' hT^ 

l-O^giTeelPU'iyt. 
The difference between 11^ ir lb" and the next following fi^titj m 
thetableJad'O^. 

Ab W : 8r 2et' : : y y' : a' 42^.* 
To no ir lb'' 

Add 2 42. 



11 13 57 
% Qmn, tl^ vxument^O- Id^ 16' 54^ tp^qith^ oas^efvondjjpKqaiiP- 
% in table XLVn. ^Iim. 93^ 82^ 37". 

10* 130 gives 990 83' 40!*. 

* The stede&t eaa work the proportiom either by coaaMin aiithmetlev or b? 
legMoal logwUhsM^ as he may prefer. 
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The differenoe between 98^ 88' 4<r and the next following quantity in 
t]i6taUe,iB8'48^. 

AB6(K:ie'64''::8'48'':r8'' 
From 93<» 88' 40" 
Tike 1 8 



98 32 37 

8. QfTtn tlie argadMni 4» 11^ 5^ 10"; to find tbe comsponding qnan- 
titjialidbleXXTn. ^lk«. 8<' 24^ 6^. 

4r. Given the argament 8721, to find theeoneepettding qnsntity in table 
XSXYIL Jmi^41W. 

PROBLEM m. 

Td'^ca/mmH Degji^ Kmtieij and SBeondiof the EqueMriMo Tiim. 

Klifltiply the qoantity by 4, and call the product of the secondSi t&irds; 
ef the minnteSy seconds; and of the degrees, minutes. 

BZAM. 1. Convert 72<' IT 42" into time. 
720 \r 42" 
4 



4h. 49m. lOste. 48^". =5 4h^ 49m. llseo; neadyw 
2. Convert 117<' 12^ 80" into time. Asu. 7h. 48m. SOseo. 
8. ConveH 21^ 52^ 27" into time. Am. Ih. 27a. 80sea 

PBOBLBH PT. 

To eamfert Hime into Degrem^ Xnutm^ and Second*. 

Bednoe the time to minutes, or numttes and seconds; divide by 4, and' 
call the quotient of the minutes, degrees; of the seconds, minutes; and 
multiply the reduikider by 15, for the secondA. 

BzAMk Ik Cenvert 6h. 41m. lOsec into degrees, fte. 

h. B. wit, 

5 41 10 
60 



4)84110 



SS" IT 80* 



2. CoBToi-Tlr. 48m. 50iec. into degrees, Ao. Am. 117" 12* 80^. 
8. Convert llh. 17m. 21seo. into degrees, fto. Am. 169o 20^ 15*. 
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d. h. m. fee. 

Time at TsxiB, September, . . . 10 8 20 85 

Diff. of Long., 6 1 18 



Time at New Haven, . . . . 9 22 19 22 
Or, Sept 10th, lOh. 19m. 22sea A. M. 

4. When it is January 15th, 9h. 12m. lOsec. P. M. at Washington, 
what is the corresponding time at Berlin ? Ans, Jan. 16th, 3h. 18m. 52sec. 
A-M. 

5. When it is Oct. 5th, 7h. 8m. A. M. at Qaebec, what is the time at 
Richmond? Ans. Oct. 5th, 6h. 48m. 18 sec. A. M. 

6. When it is noon of the lOth of June at Greenwich, what is the time 
at Philadelphia? Ans. June 10th, 6h. 59m. 20sec. A. M. 

PROBLEM VI. 

For a given mean time, (o find the Sun's Longitude, Semidiameter, 
Hourly Motion, the apparent Obliquity of the Ecliptic and the Earth* e 
Radius Vector; also the Sun's Right Ascension and Declination and the 
Apparent Time. 

For the Longitude. 

When the given time is not for the meridian at Greenwich, reduce it to 
that meridian by the last problem. 

With the mean time at Greenwich, take from Tables XXU., XXITT., and 
XXIY., the quantities corresponding to the year, month, day, hour, 
minute, and second, and find their sums.^ The sum in the column of 
mean longitudes will be the tabular mean longitude of the sun; the sum 
in the column of perigee, will be the tabular longitude of the perigee ; 
and the sums in the columns I., IE., III., and N., will be the arguments for 
the small equations of the sun's longitude, and for the equation of the 
equinoxes, which forms one of them. 

Subtract the longitude of the perigee from the sun's mean longitude, 
borrowing 12 signs when necessary ; the remainder is the sun's mean 
anomaly. With the mean anomaly, take the equation of the sun's centre 



* In adding qaantitiefl that are expressed in signs, degrees, &o., reject 12 or 
24 signs, when the sum exceeds either of these quantities. In adding any arga- 
menta, expressed in 100, 1000, &c., parts of the circle, when they are expressed 
bj two figures, reject the hundreds from the sum : when by three figores, the 
ihoaaaifds ; and wh^ by four figures, the ten thousands. 

y 
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from table AJLVii., and with the arguments I., 11., and in., take the oor- 
responding equations from table XXYIII. The equation of &e eentre, 
and the three other equations, added to the mean longitade, gije the tme 
longitude, reckoned from the mean equinox. 

With the argument N, take the equation of the equinoxes, or, which is 
the same, the nutation in longitude, from table XXX., and applj it, ao- 
cording to its sign, to the true longitude already found, and the result 
will be the ti:ue longitude, from the a|»paient equinox. 



Ibr the Mmrfy M>tum qnd Semidiamekr. 

With the sun's mean anomaly, take the hourly motion and semidiame- 
te from tables XXY. wad XXYL 



/br the c^aparent OUiguity of the Edipdc. 

To the mean obliquity, taken from table XXIX., apply, according to its 
sign, the nutation in obliquity, taken from table XXX., with ^e argu- 
ment N, and the result will be the Apparent Obliquity. 



For the Earth' $ Radius Vector. 

With the sun's mean anomaly and the arguments I., IL, and HL, take 
the correspondiBg quantities from table XXXI., and the small taUe on the 
same page, and the sum of these will be the Bedku Yeotar. 

Jbr the Eigfti Atcefuion €md DecKmatum. 

To the log. cosine of the apparent obliquity of the ecliptic, add the log. 
tangent of the sun's true longitude, and reject 10 from the index of the 
sum; the result will be the log. tangent of the Bight Ascenaon, which 
inust always be taken in the same quadrant as the longitude. 

To the log. sine of the apparent obliquity, add the log. sine of the longi- 
tude, and reject 10 from the index of the sum ; the result will be the log. 
sine of the Declination, which must be taken less than 90^ ; it will be 
north or touih according as its sign is affirmative or negative. 



For ike Spiotion of Time and the AfparmU Time. 

To the sun's tabular mean longitude, increased by 2^, apply, according 
to its sign, the nutation in right ascension, taken from table XXX., with 
the argument N, and the result will be the sun's mean longitude fr«Bi the 
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true equinox. Take the diffbreooe* between this long^de and the son's 
ri^t ascension, making it affirmative or negative according as the right 
ascension is l€8$ or greaier than the longitude, and the testdt will be the 
Equation of Time in arc. This may be converted into time bj Prob. III. 
The equation of time, applied, according to its sign, to the hmom timCi 
gires the apparetU time. 



Exam. I. Required the sun's longitude, hourly motion, &c., on the 25th 
of October, 1836, at lOh. 87m. lOsec. A. M. mean time at Boston. 

d. h. ai. Mc 

Astron. tiiie at Boston, Oct 24 22 87 10 
Diff. <^ Long. 4 44 17 



Greenwich time 



1886 

Octob. 

25 d. 

3h. 

21 «. 

87 MC 

Tab. M. Long. 
Eqnat. Centra 

XL 

m. 



True Long. 



le • • • 
M.Long. 


• 


25 3 21 27 
Long. Perigoe. 


1. 


XL 


ra. 


N. 


9. 90 lor 

8 29 4 

23 89 

7 


6" 
54 
20 
23 
02 

1 


9i S« r 2" 
46 

4 



456 
250 
810 

4 


517 

684 

60 




644 

468 

41 




842 
40 

4 



9 8 7 52 
7 2 2 36 


520 1 261 


158 


886 


7 2 2 
18 


36 
9 
9 

17 




9 23 54 44 
Son'i hontly mdtic 


Moan Anomaly 

>n. . . . 2^ 29" 

. . . • 16 8 


7 2 16 


20 
-11 


M. Obfiq. Ediptio 230 %r 38 


7 2 16 


9 


Natation 4. 7 



Appar. ObUquily 



23 27 45 



For RadwB Vector. 

Arg. Anom. gives 0.99883 

'* L « 2 

" n. " 4 

<* m. *' 1 



BadinsTector 



0.99340 



* When one of these qnantities is near to 0^ and the other to 860°, the less must 
be inci'eased bj 860°, and the sum be regarded as its Talne. 
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For Right AMermon and DedinoHon. 

ObUq. 23*> 27' 45" 1. cos 9.96252 ObHq. . . Lrin 9.60005 
Long. 212 16 9 1. tan 9.80032 Long. . . L sin 9.72746ft 

B. A. 210 4 48 L tan 9.76284 Dec. — 12« 16' 24" 1. 8m9.32751ii 

For Equation of Time and Appar. Time. 

Sun's tab. M. Long. + 2* . . 214*^ V 86" 

Nutation in Right Ascen. ... — 10 

Sun's M. Long, from true equinox . . 214 2 26 
Sun's true Right Asoension . . . 210 4 48 

Equat. of Time, in aro • . . '\' ^ bl Zi 

Squat, of Time, in time . . . -f 15m. 50.58ec 
The equation of time, added to the given mean time, gives lOh. 53m. 
0.5sec. A. M. for the apparent time. 

Exam. 2. Required the sun's longitude, hourly motion, &c., on the 
15th of May, 1836, at 8h. 59m. 29seo. A. M., mean time at Phihidelphia. 

An». Sun's Longitude 54*42' 12" 

" hourly mot 2 25 

<< semidiameter ..... 15 50 

App. obliq. of ecliptic . . . . 23 27 44 

Right Ascen 52 20 23 

Declination 18 57 45 N 

Equat. of time ... 4~ ^°^* 568ec 
Appar. Time . . . • 9h. 8m. 16seo. A. M. 
Radius Vector 1.01167 

PROBLEM VIL 
To find the Sidereal TKme corresponding to a given Mean TVme. 

To the sun's mean longitude from the true equinox, found as in the last 
problem, and converted into time by Prob. m., add the ^ven mean time 
of the day, expressed astronomically, rejecting 24 hours from the sum, if it 
exceeds that quantity, and the result will be the sidereal time. 

When the sidereal time or right ascension of the zenith is required in 
arc, and not in time, it is most conveniently obtained by adding the mean 
time, expressed in arc, to the sun's mean longitude frtun the true equinox. 
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reqMotiYely; and adding tlie results. Or, by mnUilplying 9.8665aee. hj 
the differenoe of longitude expressed in hours. 

Then, having found, as direoted above, the sidereal time at mean nooB, 
add to it the sidereal eqoiyaients i&r the hours, mmutas and seemidsof the 
given mean time, taken from table X., and the sum will be the sidereal 
time required. 

Exam. 1. What was the sidereal time at Philadelphia on the 17ih 
of Maj, 1686, at 8h. 17m. lO.Sseo. mean time? 

The acoeleraldon for the diff. of Long, is by table X., 
for 6 hours . . . ^ . • 49«.282 
'< 40 seconds .110 



40.382 



h. an. M& 

Sid. time at Green. H. N. (Table LXY.) 8 40 51.11 



Sid. time at Philada. M. N. . . 8 41 40.502 

Kd. equiv. for 8h 8 1 18.852 

^ " 17m. . • • • 17 2.708 

« " lOsec 10.027 

« " 0-.58ec. • • . 0.601 



Sidereal time required • • • 12h. Om. 12.675see. 

Exam. 2. Bequired the sidereal time at St Petersbuig on the 20ih ci 
Februaiy, 1850, at llh. 42m. 25seo. mean time, the Berlin sidereal time 
at mean noon being 22h. Om. 6.86seo. 

St. Petersburg east of Greenwich . .21 16.0 
Berlin a a , . 63 85.5 



St Petersburg east of Berlin . . 1 7 40.5=1M28 

Acceleration = 9-.8565 X 1»128 = 11-.117 

Sid. time at M. N., Berlin . • 22 6.86 

« « St Petersburg 21 59 55.243 

Sid. Equiv. for llh. ... 11 1 48.421 

" " 42m. . • 42 6.900 

<' << 25sea. . . 25.069 



Sidereal time required • . 9h. 44m. 15.633sec. 

Exam. i. Bequired the sidereal time at New Haven on the 10th <tf 
BIij, 1886y at 16h. Sm. 13.5eee., meaa Umt. Am. 18h. 19m. 45.04ieo. 
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PBOBLEM IX. 

To Jmd the Mean Solar Time oorretpondxng to a given Sidereal Time. 

Slad, as in the laat problem, the mdereid tifoe At mean nooOi subtract it 
firam ihei^imi ndereal time (adcliiig.24h. if neoesiaiy), and the remainder 
will be the interval of sidereal time from noon. Add t^i^ether the mean 
aoLar aqnivalents fw the hours, mumtes and seoonds of this uiterval, taken 
Iran t^le XL, and the sum 'will be the mean time ^required. 



Example. Required the mean solar time at Philadelphia on the 27tE 
of Maj, 18S6, at Ih. 21m. 47.58eo., sidereal time. 

h. IB. ne. 

Sid. time at H. N., Ghreen. . • . 4 20^ 16.08 
Aeeeleration for Philada. • • • ■ + 49.39 



Sid. time at M. N., Philada. 
Girea Sd. time + 24]>. 


. 4 21 6.07 
26 21 47.6 


Sid. interral from noon 


. 21 41.43 


Mean solar eqaivalent for 21h. . 

" « 41860. . 

« " 0.43Me. . 


k. B. ML 

20 66 «8.&79 

40.888 

.429 


Mean tinte required 

FBOBUM X. 


. 20 67 14.806 



To Jmd^fnm the TaMe$^ the Moon'$ Lonffiiuie, ZaiiHiie, EguoOorud 
JParaUaXj StmidiameHr^ and Mowiy MoHow, in Longitmle and La^ 
tude^ /or a given time. 

When the given time is not for the meridian of Greenwich, reduce it to 
that meridian; and when it is apparent time, reduce it to mean time. 

With the mean time at Ore^&widi, take out from tables XXXTT. to 
XXXYI., the arguments numbered 1, 2, 8, &o., to 20, and find ^heir 8imi% 
lejecting the ten thousands in the first nine, and the thousands in the 
others. The resulting quantities wiU be the arguments for the first tw w ity 
equations of Longitude. 

With the same time, and from tiie same tables, taike out the remaining 
aigoments and quantities, entitled Eveoidon, Anomaly, YariatioB, Longi- 
tude, Supplement of the Node, 11., Y., YL, YII., Ym., IX., and X.; 
aad add the quantities in the column for the Supj^ement of the Nodew 
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For the Longitude. 

With the first twenty arguments of longitude^ take^ from tables XXXVJLL 
to XLn.; the corresponding equations^ and place their sum in the oolomn 
of Evcction. Then, the sum of the quantities in this column will be the 
corrected argument of Evection. 

With the corrected argument of Erection, take the Evection from table 
XLTTT., and add it to the sum of the preceding equations. Place the 
resulting sum in the column of Anomaly. Then, the sum of the quan- * 
tities in this column will be the corrected Anomaly. 

With the corrected Anomaly, take the Equation of the Centre from 
table XLIY., and add it to the sum of all the preceding equations. Place 
the resulting sum in the column of variation. Then, the sum of the quan- 
tities in this column will be the corrected argument of variation. 

With the corrected argument of Variation, take the variation from table 
XLY., and add it to the sum of all the preceding equations ; the result 
will be the sum of the first twenty-three equations of the Longitude. 
Place this sum in the column of Longitude. Then, the sum of the quan- 
tities in this column will be the Orbit Longitude of the Moon, reckoned 
from the mean equinox. 

Add the Orbit Longitude to the Supplement of the Node. The result 
will be the argument of the Beduotion. It will also be the first argument 
of Latitude. 

With the argument of Reduction, take the reduction from table XLYI.^ 
and add it to the Orbit Longitude. Also, with the 19th argument, which 
is the same as argument N, for the Sun's Longitude, take the Nutation in 
Longitude, from table XXX., and apply it, according to its signs, to the 
last sum. The result will be the Moon's true Longitude from the Appa- 
rent equinox. 

F</r the Latitude. 

Place the sum of the first twenty-three equations of Longitude, taken 
to the nearest minute, in the column of Arg. IE. Then the sum of the 
quantities in this column will be Arg. II. of Latitude, corrected. The 
Moon's true Longitude is the 3d argument of Latitude. The 20th argu- 
ment of Longitude is the 4th argument of Latitude. Convert the degrees 
and minutes, in the sum of the first twenty-three equations of Longitude, 
into thousandth parta of the circle, by taking from table L. the number 
corresponding to them. Place this number in the columns Y., YL, YIL, 
VJLll., and IX.; but not in column X. Then the sums of the quau- 
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tities in oolnmiui Y., VL, YII.^ Vlll., IX., and X., rejeoimg'the thon- 
sandS; will be the 5tli, 6th, 7th, 8th, 9th, and 10th arguments of Latitade. 
With the sum of the Supplement of the Node, and the Moon's Orbit 
Longitude, which is Arg. 1. of Latitude, take the Moon's distance from 
the North Pole of the Ecliptic, from table XLYII., and with the remain- 
ing nine arguments, take the corresponding equations from tables XLYIII., 
XLIX., and LI. The sum of these ten quantities will be the Moon's true 
distance from the North pole of the Ecliptic. The difference between this 
distance and 90^, will be the Moon's true latitude ; which will b^ narA 
or wuth aocording as the distanoe la lessor grecUer than 90^. 

Far the Eguatoridl FaraUax. 

TVith the corrected arguments Eveotion, Anomaly, and Variation, take 
the corresponding quantities from tables LII., LIU., and LIY. Their 
sum will be the Equatorial Parallax. 

For the Semidtameter. 

With the Equatorial Parallax take the Moon's Semidiameter from table 
LV. 

For the Hourly Motion in Longitude, 

With the arguments 2, 8, 4, and 6, of Longitude, rejecting the two 
right hand figures in each, take the corresponding equations from table 
LYI. Also, with the correct argument of Eyection, take the equation 
from table LVII. 

With the sum of the preceding equations at top, and the correct ano- 
maly at the side, take the equation from table LYIII. Also, with the 
correct anomaly, take the equation from table LIX. 

With the sum of all the preceding equations at the top, and the correct 
argument of Variation at the side, take the equation from table LX. 
With the correct argument of Variation, take the equation from table LXI. 
And, with the argument of Eeduction, take the equation from table LXTL 
These three equations added to the sum of all the preceding ones, will give 
the Moon's Hourly Motion in Longitude. 

For the Hourly Motion in Latitude. 

With the 1st and 2nd arguments of Latitude, take the corresponding 
quantities from table LXIII. and LXIV., and find their sum, attending to 
the signs. Then 32^ 56'' : the moon's true hourly motion in Longitude 
: : this sum : the moon's true hourly motion in Latitude. When the sign 
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ExAH. 1. Required the moon's longitade^ latitode, equatorial panllazy 
semidiameter^ and hourly motions in longitude and latitude, on the 6th of 
Augasty 1821, at 8h. 46m. 83seo. A. M. mean time at Philadelphia. 

d. h. BL no. 

Mean time at Philadelphia, August^ 6 20 46 83 
Biff, of Long., .... 6 40 

Mean ti&ie a^ GFmimidi, Augttt^ 6 1 47 18 
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PART n. 289 

2. Required tbe moon's longitade, latitiide, equatorial parallax, semi- 
diameter; and hourij motions in longitude and latitude, on the 27tli of 
April, 1821, at 9h. 48m. 80seo. P. M. mean time at Baltimore. An$, 
Long. 11- 13^ 81' 44"; lat. 6' 65" N. equat. par. W 0"; semidiam. 16' 
21" ; hor. mot. in long. 86' 11" ; and hor. mot. in lat. 8' 14", tending north. 

8. What will be the moon's longitude, latitude, equatorial parallax, semi- 
diameter, and hourly motions in longitude and latitude, on the 19th of 
August, 1822, at 5h. 56m. 14sec P. M. mean time at Philadelphia? 
Ans, Long. 6« 8'' 7' 28"; lat 8*> 51' 35" S.; equat. par. 56' 19"; semi- 
diam. 15' 21"; hor. mot in long. 32' 7"; and hor. mot. in lat 2' 1", 
tending south. 

PROBLEM XI, 

To find Okt Moon* 9 LongUudcj Latitude^ Bmarly Motunu^ Equatorial 
ParaUaXj and Semidiameterf /or a given TimCf from th^ NauMcal Air 
monac 

Reduce tl^e given time to Mean dme at Greenwich. Then, 

For the Longitude, 

Take from the Nautical Almanac, the two longitudes, for the noon and 
midnight, or midnight and noon, next preceding the time at Greenwich, 
and also the two immediately following these, and set them in succession, 
one under another. Then, haying regard to the signs, subtract each longi- 
tude from the next following one, and the three remainders will be the 
fir9t differencei. Call the middle one A. Subtract each first difference 
from the following, for the second differences. Take the half sum of the 
second differences, and call it B. 

Call the excess of the given time at Greenwich, above the time of the 
second longitude, T, Then 12h : T : : A : fourth term, which must have 
the same sign as A. 

With the time T at the side, take from table LXYI. the quantities cor- 
responding to the minutes, tens of seconds, and seconds of B, at the top, 
the sum of these, with a contrary sign to that of B, will be the correction 
of second differences. 

The sum of the second longitude, the fourth term, and the correction of 
second differences, having regard to the signs, will be the required longitude. 

For the Hourly Mttvm in Longitude, 
To the k^stical logarithm of ^ of T, add the logistical logarithm of 
B, and find the quantity corresponding to the sum. Call diis quantity E, 
and prefix to it the same sign as that of B. 
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Or E may be found without logarithms; thus 12h. : T : : B : B. 
Divide the sum of A, i B with its sign changed, and E, bj 12, and the 
quotient will be the required hourly motion in longitude. 

For the Latitude. 

P^refiz to north latitudes the affirmative sign, but to wvih latitudes the 
negative sign, and then proceed in the same manner as for the longitude. 
The resulting latitude will be north or aouth, according as its sign is affirma- 
tive or negative. 

Note, The Moon's Declination may be found in the same manner. 



For the Hourly Motion in Latitude. 

With T, and the values that A and B have, in finding the latitude, find 
the hourly motion in latitude, in the same manner as directed for finding 
the hourly motion in longitude. When the resulting hourly motion in 
latitude is affirmative, the moon is tending north, and when it is negative, 
she is tending south. 

For the Semidiameter and Equatorial Parcdlax. 

The moon's semidiameter and equatorial, horizontal parallax, may be 
taken from the Nautical Almanac with sufficient accuracy by simply pro 
portioning for the odd time between noon and midnight, or midnight and 
noon. 

Exam. 1. Required the moon's longitude, latitude, equatorial parallax, 
semidiameter, and hourly motions in longitude and latitude from the 
Nautical Almanac, table LXY., on the 4th of May, 1836, at 4h. 30m. 
8seo. P. M. mean time at Philadelphia. 

A. k. BL no. 

Mean time at Philadelphia, May, • . 4 4 80 8 
Diff. of Longitude .... -f 5 40 



Mean time at Greenwich, May, 



4 9 30 48 



For the Longitude and Hourly Motion in Longitude. 





Longitudes 


8d midn. 


260^ 82' 39.3" 


4th noon 


267 56 26.2 


" midn. 


275 17 38.7 


6th noon 


282 85 86.1 



7 

7 
7 


Istdiff. 

23 46.9 
21 12.5 
17 67.4 


2d diff. 

— 2* 84.4" 

— 3 15.1 


7 


21 12.6 
A 


— 2 64.7 
B 
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T A 

k. h. ai. M& 

12 : 9 80 48 : : 7*^ 21' 12".5 : 6** 49^ 46/'8, fourth term. 

BecondLon^tude 267* 56' 26.2" 

Fourth term 5 49 46.8 

Cor. for 2d diff. + 14.4 

Moon's tnie longitude . • • • 273 46 27.4 



/, T . . . 47 84 L. L. 1008 

B . . . — 2 54.7 L. L. — 13141 

B . • — 2 18.5 —14149 

A 7* 21' 12.5" 

} B, sign changed +1 27.3 

B — 2 18.6 

12)7 20 21.3 
Hot. mot in long. . . • . . . • 36 41.8 



Ibr (he Latitude and Bourly Motion in Latitude. 





Latitudes. 


8d midn. 


— 2* 41' 22.2" 


4th noon 


— 3 15 14.8 


" midn. 


— 3 45 41.1 


6th noon 


— 4 12 12.5 



Ist diff. 1 


33' 


52.6" 


80 


26.3 


26 


81.4 



2d diff. 



+ 3' 
+ 3 



26.3" 
64.9 



— 80 



26.8 



8- 40.6 
B 



k. b. B. MS. 



12 : 9 80 48 : : — BC 26.8* : — 24' 7".8, fourth term. 

Second latitude - 3» l^ 14.8" 

Fourth term — 24 7.8 

Cor. for 2d diff. — 181 



Moon's true latitude 



8 89 40.7 S 
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m. 


ma. 






47 


84 


L.L. 


1006 


3 


40.6 


L.L. 


12127 



B 

E ... 2 54.9 13135 

A —SV 26.3" 

i B, Bign changed . . . — 1 50.3 

E +2 54.9 



12)— 29 21.7 



Moon's hor. mot. in lat. — 2 26.8. tending sonih. 



Moon's semidiameter 16' 24.2" 

^^ equatorial parallaz 60 11.7 

2. Required the moon's longitude^ latitude, equatorial parallax, semi- 
diameteri and hourly motions in longitude and latitude, on the 6th of 
May, 1836, at Ih. 41m. 40seo. P. M. mean time at Greenwich. 

Ans, Long. 297*> 59^ 57.1"; lat. 4° 54' 18.6" S ; equat. par. 59' 15.0"; 
semidiam. 16' 8.7"; hor. mot. in long. 35' 34.9"; hor. mot. in lat. 
1' 13 7", tending south. 

Note 1. When the moon's longitude and latitude are required with 
great precision, the third and fourUi differences should be noticed. To do 
this, take from the ephemeris, the three longitudes or latitudes, preceding 
the given time, and the three following it, and find the first, second, third, 
and fourth differences, as directed in the rule, for the tot and ncond dif- 
ferences. Call the middle first difference. A, the half sum of the two 
middle second differences, B, the middle ^ird difference, C, and the half 
sum of the fourth differences, D. Then taking T, equal the excess of the 
given time above the time of the third longitude or latitude, find the 
fourth term and the correction for second differences, as directed in the 
rule. 

With the time T, and middle third difference, D, take from table LAV 11., 
the correction for third differences, which, when T is less than 6 hours, 
must have the same sign as C, but a eonfrory sign, when T is more thaa 
6 hours. 

With the time T, and half sum of fourth differences, D, take froM table 
LXVIU., the correction for fourth differences, which must always have 
the same sign as D. 

The sum of the third lon^^de or latitude, the fourth term and the 
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ooneHaoDs for seoondy ihkd^ and foitrih differeooeSy baving regard to the 
rigoB of all t^ quantities, will be the longitude or latitnde required. 

JVole i. Wben great precision is required in tbe moon's parallax and 
■emidiameter, tbe oorreotions for second differences sbould be applied in 
tbe same manner as for the longitude or latitude. 

Taking tbe time, as in tbe first example, let tbe moon's longitude be 
required, as oorreoted for tbird and fourth differences. 



3d noon 
** midn. 
4th noon 
** midn. 
Gth noon 
" midn. 



Longitudes. 
253° 7^ 3.7" 

260 32 89-3 

267 66 26.2 

276 17 38.7 

282 36 36.1 

289 49 43.9 



Istdiff 

r» 26^ 86.6" 

7 23 46.9 

7 21 12.6 

7 17 67.4 

7 14 7.8 



7 21 12.6 
A 



2ddiff 

— .1 48.7 

— 2 34.4 

— 8 16.1 

— 3 49.6 



— 2 64.7 
B 



3ddiff 

— 46.7>'>' 

— 40.7 

— 34.6 



— 40.7 
C 



4thdifi: 



+ 6.0/^ 
4. 6.2 



+ 6.6 
D 



Tbird longitude 267^ W 26.2" 

Fourth term 6 49 46.81 

dor. for 2d diff. . . . . . -f 14.31 

« 8d " 4- 0.81 

" 4tb" + 0.06 



Moon's true longitude . . . . . 278 46 27.7 



PROBLEM XIL 

To find the ajpproximate Time of New or Full Moony for a given Year 

and Month. 

For New Moon» 

Take from table XYIIl., tbe mean new moon in January, for tbe given 
year, and tbe arguments I., 11., lU., and IV. Take from table XIX., as 
many lunations, and tbe corresponding arguments I., II., m., and lY., as 
tbe number* of tbe given month exceeds a unit, and add these quantities 
to tbe former, rejecting tbe ten thousands in tbe first two arguments, and 
tbe hundreds in the other two. Take tbe number of days corresponding 
to tbe given month, from tbe second or third column of table XX., accord- 
ing as the given year is a common or bissextile year, and subtract it from 



* The nmnbers for the months are, for Jannary, 1 ; for February, 2 ; for 
March, 8 ; &o. 
«2 
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2* Eeqnired the approximate time of full moon in July, 1828; expressed 
Qnenwich time. 





M. New Moon. 


I. 


n. 


m. 


rv. 


1823, 
ilnn. 
6 Ian. 


d. h. m. 

11 20 

14 18 22 

177 4 24 


0304 

404 

4851 


5787 
5859 
4303 


61 
58 
92 


55 
50 
95 


Days, 


202 23 6 
181 


5559 


5449 


11 





lulT, 

n! 
in. 

IV. 


21 23 6 

2 55 

13 7 

5 

20 




July, 


22 15 33 


Approximate time. 



8. Beqoired the approximate times of new and fiill moon in February, 
1822, exf^'essed in mean time at Greenwich. 

Ans. New moon 21d. 7h. 47m. 
Full moon 5d. 17h. 39m. 

PROBLEM Xra. • 

Ih determine what Eclipses may he expected to occur in any given year, 

and the times nearly at which they wHl taJceplace^ 

For the Edipses of the Sun. 

Take, for the given year, from table XYIII., the time of mean new 
moon in January, the arguments and the number N.* If the number 
N differs less than 53, from 0,500, or 1000, an eclipse of the sun may be 
expected at that new moon. If the difference is less than 37, there must 
be one. When the difference is between 37 and 53, there is a doubt, which 
can only be removed by calculation. 

If an eclipse may or must occur in January, calculate the approximate 
time of new moon by problem XII., and it will be the time, nearly, at 
which the eclipse will take place, expressed in mean time at Greenwich. 
This time may be reduced to the meridian of any other place by pro- 
blem V. 

Look in column N of table XIX., and, excluding the number belong 
ing to the half lunation, seek the first number that, added to the number 

* The number N, In this table, designates the snn's mean dbtanoe from the moon*a 
ascending node, expressed in thousandth parts of the circle. 
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N of the given year, will make the 8om oome within 68, of 0,500, or 
1000. Take the corresponding lunations and arguments, and this nnoi- 
ber N, and add them to the similar quantities for the given year. Take 
from the second or iJiird column of table XX., according as the given year 
is common or hisaexttle, the number of days next less than the sum of the 
days in the column of mean new moon, and subtract it from the time in 
that column } the remainder will be the tabular time of mean new moon 
in the month corresponding to the days, taken from table XX. At this 
new moon an eclipse of the sun may be expected ; and if the sum of the 
numbers N, differs less than 37 from the numbers mentioned above, there 
must be one. Find the time nearly, of the eclipse, by calculating the 
approximate time of new moon as directed above. 

K there are any other numbers in the column N, of table XIX., that, 
when added to the number N of the given year, will make the sum come 
within the limit 53, proceed in a similar manner to find the time of the 



Note. When the time at which an eclipse of the sun will take plaoe 
is thus found, nearly, and reduced to the meridian of a given plaoe in north 
latitude, if it comes during the day time, and if the sum of the numbers 
N, or the number N itself when the eclipse is in January, is a little 
above 0, or a little less than 500, there is a prdbabUity that the eclipse 
will be visible at the given place. When the number N in January, or 
tiie sum of the numbers N in other months, is more than 500, the eclipse 
will seldom be visible in northern latitudes, except near the equator. 

For the Eclipses oftha Moon. 

When the time of new moon in January of the given year is on or after 
the 16th, subtract from it, from the arguments, and the number N, a 
half lunation, the corresponding arguments, and the number N \ but when 
it is before the 16th, add them. The results will be the time of mean 
full moon in January, and the corresponding arguments, and number N. 
Proceed to find the times at which eclipses of the moon may or mvM occur, 
exactly as directed for the sun, except that the limits 35 and 25, must be 
used instead of 53 and 37. 

Note, In an eclipse of the moon, when the time is found nearly, and 
reduced to the meridian of a given place, if it comes in the nighty it will 
be visible at that place. 

Exam. 1. Eequired the eclipses that may be expected in the year 1822, 
and the times nearly, at which they will take place. 
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Ibr the Hdiptes of the Sun, 





M, Kew Moon, 


I. 


II. 


HL 


IT. 


N, 




4. 


K m. 












1822, 


21 


15 82 


0G02 


7182 


78 


66 


&eo 


Ikn. 


29 


12 44 


808 


717 


15 


96 


85 




51 


4 16 


1410 


T899 


93 


66 


15 




31 






Feb. 


W 


4 16 


Aa the atitii of the numbci^ N 


I. 




7 38 
19 29 


couiL^s within 37 of 0, there must be 
an ecUpt^e, 


m. 




13 




IV, 




11 




Fei. 


?i 


7 47 


Mean time at Gret^nwicb* 



1822, 
7 Inn. 



August, 
I. 

n. 
III. 

IV. 
August, 



M. New Mood. 



, d. h. tn. 

21 15 32 
206 17 H 



228 
212 



8 40 



16 



6 40 
1 24 
40 

16 
14 



16 11 14 



0602 
5G59 



ir. 


ill. 


IT. 


N. 


7182 
6020 


78 
7 


66 
94 


930 1 
598 


2202 


85 


GO 


526 



6261 



As tlifl sum of the uumbeTs N 
corner withiD 37 of &00, Uiero muat 
be JLU eoUpae. 



Mean time at Greenwicli. 



m 
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H. New Moon. 


L 


n. 


in. 


IV. 


N. 


1822. 
ilun. 


d. b. m. 

21 15 82 
14 18 22 


0602 
404 


7182 
5359 


78 
58 


66 
60 


930 
43 


lion. 


6 21 10 
29 12 44 


0198 
808 


1828 
717 


20 
15 


16 
99 


887 
85 




86 9 54 
81 


1006 


2540 


35 


15 


972 

%T 1 


Feb. 
I. 

n. 
ni. 

IV. 


5 9 54 

6 52 

20 

4 

29 


though it comes within 86 of 1000, 
does not come within 26, the ecUpee 
may be considered doubtful. It may, 
however, be obserred, that further 
calculation by the next problem would 
show that there will be a small eclipse. 


Feb. 


5 17 89 


Mean time at Greenwich. 



M. FoU Moon. 


I. 


n. 


m. 


IV. 


N. 


d. h. m. 

6 21 10 
206 17 8 


0198 
5659 


1823 
5020 


20 

7 


16 
94 


887 
596 


213 14 18 
212 


5857 


6843 


27 


10 


483 


1 14 18 

2 14 

19 26 

8 

26 


Aa the sum of the numbers N 
comes within 25 or 600, there must 
be an eclipse. 


2 12 27 


Mean time at Greenwich. 



1822, 
71un. 



August, 

n! 

HI. 
IV. 

AugOBt, 

2. Beijoired the eclipses that may be expected in 1823, and the times, 
nearly, at which they will take place, expressed in mean time at Green- 
wich. Ans. One of the moon on the 26th of January, at 5h. 24m. P. M.; 
one of the sun on the 11th of February, at 3h. 12m. A. M.; one of the 
sun on the 8th of July, at 6h. 50m. A. M. ; and one of the moon on the 
23d of July, at 3h. 33m. A. M. 
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PROBLEM xnr. 

To calculate an JScHpse o/the Moon, 

Find the approximate time of full mooD; bj prob. XTT., and, for this 
time, compute the sun's longitude, semidiameter, and hourly motion, and 
the moon's longitude, latitude, equatorial parallax, semidiameter, and hourly 
motions in longitude and latitude. Subtract the sun's longitude from the 
moon's, and call the remainder R. Also, subtract the hourly motion of 
the sun from that of the moon. Then, as the difference of the hourly 
motions : the difference between R and YI. signs : : 60 minutes : a cor- 
rection. The correction, added to the approximate time of full moon, 
when 'R 18 less than YI. signs, but subtracted when it is greaiety will give 
the true time of full moon for the meridian at Greenwich. Reduce this 
time to the time at the place for which the calculation is to be made^ and 
call the reduced time T. 

For the Semidiameter of the EartKs Shadow, 

To the moon's equatorial parallax, add the sun's, which may be taken 
Vy and from the sum subtract the semidiameter of the sun. Increase the 
result by -^ part, and it will be the semidiameter of the earth's shadow, 
which call S. 

For the Inclination of the Moon's Relative Orbit. 

To the arithmetical complement of the logarithm of the difference be- 
tween the hourly motions in longitude of the moon and sun, add the loga- 
rithm of the moon's hourly motion in latitude, and the result will be the 
log. tangent of the inclination, which call I. 

Add together the constant logarithm 3.55630, the log. cosine of I., and 
the arithmetical complement of the log. difference between the hourly 
motions of the moon and sun, in longitude, rejecting the tens in the index, 
and call the resulting logarithm R. 

For the Time of the Middle of the Eclipse. 

Add together the logarithm R, the logarithm of the moon's latitude at 
the true time of full moon, and the sine of L, rejecting the tens in the 
index, and the result will be the logarithm of an interval ty in seconds of 
time, which, added to T, when the latitude is decreasin^y but subtracted 
when its increatingy will give the time of the middle of the eclipse. 
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Fw the times of Beginning and End, 

To the logarithm of the moon's latitude at the true time of full moon, 
add the log. cosine of L, rejecting the tens in the index, and the result will be 
the logarithm of an arc, which call c. Call the moon's semidiameter d. 

To, and from, the sum of S and dy add and subtract c. Then add tog^ 
ther the, logarithms of the results, S + <i -f- ^ *°^ S + ^ — <^> divide the 
sum by 2, and to the quotient add the logarithm R, and the result will be 
the logarithm of an interval x, in seconds of time, which, subtracted from, 
and added to, the time of the middle, will ^ve the times of the beginning 
and end. 

Note. If c is equal to, or greater than, the sum of S and <2, there 
cannot be an eclipse. 

For the Times of Beginning and End of the ToUd Edipse. 

To and from the difference of S and d, add and subtract c Then add 
together the logarithms of the results, 8 — d'\-c and S — d — c, divide 
the sum by 2, and to the quotient add the logarithm R, and the result will 
be the logarithm of an interval a^, in seconds of time, whi^, subtracted 
from, and added to, the time of the middle, will give Uie times of the 
beginning and end of the total eclipse. 

Note, When c is greater than the difference of S and d^ the eclipse 
cannot be total. 

For the Quantity of the Edipse. 

Add together the constant logarithm 0.77815, the logarithm of (S -f d 
— c), and the arithmetical complement of the logarithm of d, rejecting the 
tens in the index, and the result will be the logarithm of the quantity of 
the eclipse^ in digits. 

Note 1. In partial eclipses of the moon, the southern part of ^e moon 
is eclipsed when the latitude is north, and the northern part when the 
latitude is south. 

2. When the eclipse commences before sunset, the moon rises about 
the same time the mm sets. To obtain the quantity of the eclipse nearly, 
at the time the moon rises, take the difference between the time of sunset 
and the middle of the eclipse. Then, as 1 hour : this difference : : differ* 
enoe between the hourly motion of the nyoon and bub, in longitude : a 
Ibnrth term. Add together the squares of this fourth term and of the are 
r, both in seconds, and extract the square root of the sum. Use tiiis root 
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in^Kad of c, in the above mle^ and it will give the qnantitj of the eclipse 
at the time of the moon's ri^ng very nearly. When the eclipse ends after 
sunrise in the morning, tiie quantity at the time of the moon's setting may 
be found in the same manner^ only using sonriae instead of sunse*. 

3. The relative positions of the earth's shadow and moon, at the time 
of the eclipse, may be easily represented. Let AB, Fig, 42, be a part of 
the ecliptic, and C the position of the centre of the earth's shadow at the 
time of full moon. Draw LCK perpendicular to AB, and make CM 
equal to the moon's latitude at the time of full moon, taken from a scale 
of equal parts, above AB if the latitude is north, but behw if it is iouth. 
Draw Ma parallel to AB, and make it equal to the difference between the 
hourly motions of the moon and sun- in longitude ; and draw ae parallel to 
LK, above Ma^^ when the latitude is tending north, but below, when it is 
tending 9outh. Then PQ, drawn through M and c, will represent the 
moon's relative orbit. Draw CN perpendicular to PQ, meeting it in H. 
Then will H be the place of the moon's centre at the middle of the eclipse. 
With the centre C and a radius equal to S, the semidiameter of the earth's 
shadow, describe the circle LNK, to represent the shadow. With the 
same centre and a radius equal to (8 -}- d), describe arcs, cutting PQ in D 
and £, which will be the positions of -the moon's centre at the beginning 
and end of the eclipse. With the centres D, H, and E, and a radius equal 
to df the moon's semidiameter, describe circles to represent the moon's 
disc, at the beginning, middle, and end ef the eclipse. When the eclipse 
is total, describe, with the centre C and a radius equal to (S — d), arcs, 
cutting PQ in F and 0, which will be the positions of the moon's centre 
at the beginning and end of the total eclipse. 

Exam. 1. Required to calculate, for the meridian of Philadelphia, the 
eclipse of the moon in July, 1823. 

The approximate time of full moon, is July 22, at 15h. 33m. 



Sun's longitude at that time, 


3-29<' 


' 25' 28" 


Do. hourly motion, . 


. 


2 23 


Do. semidiameter, 


. 


15 46 


Moon's longitude, 


. 9 29 


24 61 


Do. latitude, . 


« 


9 ION. 


Do. equatorial parallax^ . 


• 


54 1 


Do. semidiameter, • 


. d 


14 4S 


Do. hor. mot. in long. 


. 


29 84 


Do. do. in lat. • 


• • 


2 48, lendiag north. 


2A 
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Approx. time of full moony July, • • 22 15 33 

Correction, -|- 1 11 

Tme time) in mean time at Greenwich; . 22 15 84 11 

Diff. of Long. . . • • • . 5 40 

Mean time at Philadelphia, . . T 22 10 33 31 



Afl 60 : 1 11 : : 2^ 48" : 8", the correct, of lat. 

Moon's lat at approx. time, • • • • 9^ 10^ N. 

Correction, . . • • • • • . + S 

Moon's lat. at tme time, 9 13 N. 



Moon's equatorial parallax, 54' 1 

Snn's do 9 

Sum, 54 10 

Sun's semidiameter, . • • • '• . 15 46 

38 24 
Add 46 

Semidiam. of earth's shadow, • • • • 8 39 10 

Moon's hor. mot. less sun's, 1631" Ar. Co. log. 6.78755 
Moon's hor. mot. in lat. 163 - log. 2.21219 

I . . . •6*42'. .. log. tan 8.99974 



8.55630 
I . . . 6^ 42^ . • log. cos. 9.99785 

Moon's hor. mot. less sun's • . Ar. Co. log. 6.78755 

log. R. 0.34170 
Moon's lai . . . 668" • log. 2.74272 

I .... 6^ 42^ • • log. sin 8.99704 

I , 121 sec. = 2m. Isec. . • log. 2.08146 

T lOh. 83m. 31seo. 

Middle, lOh. 31m. 308eo. 
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Hoob'b lat 
I . . 



log. 2.74272 
log. COB 9.99785 



e . . 550^ = 9' 10" . 


log. 2.74057 


B + d + e . . 8783" 
8 + d — e. . . 2683 . 


log. 8.57784 
. log. 3.42882 




2)7.00646 




8.50328 
log. B. 0.34170 


■M. b. m. na. 
x = 6997 = 16687 . . 


log. 8.84498 


b. B. 

Middle, . . . 10 81 
X 1 66 


ma. 

80 
87 


Beginning, . . 8 34 


58 


End, . . . . 12 28 


7 A. M. of 28d day 


B — d + c. . 2017" . 
8 — d — c . .917 . 


. log. 3.80471 
. log. 2.96287 




2)6.26708 




8.13354 
log. B. 0.34170 



af z= 2987 = 49 47 



log. 8.47524 



Middle 



h. ■. na. 

10 81 80 

40 47 



Beginning of tbe total eoIiiNW, 9 41 48 
End da 11 21 17 



8 + d — e 

d . 

Digits edlipged, 



888" 
18.2 



0.77815 

log. 8.42862 

Ar. Go. log. 7.05404 

log. 1.26081 



Digitized by VjOOQIC 



804 ASTBONOMT. 

2. Bequired to calculate, for the meridian of Philadelpkia^ the edipec 
of the moon, on the 9th of April, 1838. 

Ans, Beginning at 7 31} 

Middle 8 58 

End 10 24} 

Digits eclipsed 7.2^ on northern limb. 

PROBLEM XV. 

Oiven the Latitude of a place, to find the logarithmt of p cos ^' and 
p sin t^ in which ^' is the Geocentric Latitude and p the Radius of the Earthf 
for the given place. 

To the log. cosine and log. sine of the given latitude, add respectiTelji 
log. X and log. y, taken from table XYII., with the latitude as the argu- 
ment, and the sums will be log. p cos t' and log. p sin t'- 

Note. When the logarithms are required to more than five decimal 
figures, they may be found by the formulas (App. 51, A and B). 

Exam. Bequired the logarithms of p cos t' '^^ p sin t'l £nr Phila- 
delphia.* 

Lat. 39« 56' 59" log. cos 9.88457 log. m 9.80762 

From table VL, log, x 0.00060 log. y 9.99770 

P cos t' ... log. 9.88517 p sin t' • • log. 9.80532 
2. Bequired the logarithms of p cos t' and p sin ^', for Boston. 

Ans. Log. p cos t' = 9.86930 
Log. p sin t' = 9.82623 

PROBLEM XVL 

To calculate an Eclipse o/the Sun for a given place, using the tables of 
the sun and moon contained in Ms work. 

For quantities independent of the place, 
1. Find by prob. XII., the approziiiiate time of new moon, in mean 
time at Greenwich, and let T r^resent this time, taken to the nearest 
whole hour.f Put 

* The latitudes and longitudes of Tarioos places are glTon in table VI.. 

-f When the approximate time of new moon, if expressed' in time at the giTen 
place, would be as much as three or four hours hefort or irfltr noon, it is generallj 
better to take, for T, the whole hour which is an hour tarUer or laUr^ than the 
nearest whole tiour. 
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L = moon's 1 
X = <^ latitade, negative when iouih, 
rt= '^ horizontal parallax^ 
1/ = sun's longitude, 

y= << semidiameter, ' 

A' = " right ascension, 
ly = << declination, negative when iouih, 
s = the apparent obliquity of the ecliptic, > 

^^ E = the equation of lime ia are, 

H = hour angle at the given place. • • 

2. For the time T, find, bj prob. VI,, the values of Vj B% t, A\ B', and E, 
Bnd alfiO the sun's hourly malioD. To tha value of U at the time T, add 
the sun's hourly motion^ and the sum win be the value of L' at the tkue 
(T + 1 hr,). Akoj for the time T, find, by prob, X., the values of L, i, i*, 
and the moon's hourly motions in longitude and latitude ; and then, by 
means of the hourly motions^ find the values of L and \p for the time 
(T + 1 hr.). 

3. Using the values of the quantities at the time T, to log, Aj taken 
from table ly,, add Ar. Co, log, cos IVj and call the result log, C- Ex- 
pressing (L — U) and ^ in acooDds, to log, add log. of (L — I/), and 
alao, to log. C add log, of ^, and the sums will be reE^pectively the loga- 
nthms of two quantities a and b. To log. of at and also to log, of b^ add 
log. tang *j taken from table 111., and log. cos U, and the sums will be 
respect iTely the logarithms of two quantities c and d. Attendiog to the 
aigns of the quantities, subtraet d from a, and call the result p; and 
add b and c together, and call the result q. 

To log. B, taken from table IV,, add log. tang S', from table T.j and 
the sum will be the logarithm of a quantity f , To T add 2732, and call 
the sum L To the logarithm 9.4180 and from it, add and subtract log, 
sin D', and c^U the results log, J> and log. E, To the logarithm 8.250 
add log, COS ly, and call the sum log. M, 

With the same log. C and log. tang *, and the values of L, L', and x, at 
the time (T -{- 1 hr,), find, as? above, the values of jo and q, for this time* 
Subtract the value of jj, at the time T, from its value at the time (T -j- 1 hr,), 
and call the remainder p\ Do the same with the values of ^, calling 
the remainder ^, With p' and 5^, which are the hourly changes of the 
values of p and ^, and which may be regarded as coastant during the 
eclipse, find the values of p and q for the times (T — 1 hr,), (T — 2 hrs.), 
Ac,, and for (T -\- 2 hreOj'&c,, by subtracting for the former and adding 
for the latter, and arrange them in a amall table, as in the followi&g esam- 
2 A 2 35) 
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pie. From the values of p and q thns found for whole homn, ilieir yalnes 
for any intermediate tame may be eaaily obtained. Multiply 15^ by the 
interval in hours between the time T and noon^ the interval being marked 
negative when the time T is in the farenoony and to the product add £. 
The sum will be the hour angle at Greenwich, at the time T. Call this 
hour angle H'. 

Ihr quantities dependent on the given place. 

5. Find, by the last problem, log. p cos t^ and log. p sin p', and, increas- 
ing the index of each by 4, call Uie results log. U and log. Y. Then, 
using the value of W at the time T, to log. U add log. on I/, and call the 
sum log. Q, To log. Y add log. cos IX, and the sum will be the logarithm 
of a quantity /. Add together log. Y, log. sin I/, and the logarithm 7.668, 
and the sum will be the logarithm of a quantity a. Subtract a from ^ 
found by Art. 3, and call the result h'. These quantities may be regarded 
as constant during the eclipse. 

6. To H', the hour angle at Greenwich at the time T, add the longitode 
of the given place, expressed in arc and marked affirmative when east, but 
negative when west, and the sum will be the value of H at the time T. 
Its value at any other time T', may be found by adding (V — T). 15^, 
found either by multiplication or from table XII., to its value at the time T. 

To find ike ajpptoximaie time ofgreateit ohscuratian. 

7. Taking forp, q, and H, their values at the time T, to log. U and 
log. G add, respectively, log. sin H and log. cos H, and the sums will be 
the logarithms of two quantities u and g. To log. of «, add log. D, and 
to log. of g add log. E, and the sums will be the logarithms of two 
quantities i/ and i/. Subtract g from /, and the remainder will be a 
quantity v, 

8. To log. of (j' — tO add Ar. Co. log. of (j/ — vT), and the sum 
will be the log. cotangent of an affirmative axe N, less than 180^. To log 
cot N add log of {q — v), and the sum will be the logarithm of a quantity c 
Add together twice log. sin N, log. of (p — t* + c), and Ar. Co. log. of 
(j> — vf), and the sum will be the logarithm of an interval of time f. 
llien will T — ^ be the approximate time of greatest obscuration, in 
mean time at Greenwich. 
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Vo find Ae true^ time of greatat ob^tura^twiij and approoBimate iime$ 
of beginning and end 

9. Tnlnxig IT to represent the approximate time of greatest obscnratioii 
or nearly so, findp^ q^ and H^ for tkifl time; and then (Art. 7) find u, v, 
Wy and i/. To log. ti t/, add log. M^ and the som will be the logarithm 
of a qoantiiy h. Subtract h from h\ and oall the remainder h. Find N, 
as in the last artiele, and to log. cot N add log. of (p — u\ and the sum 
will be the logarithm of a qoantity d. Add together 1(^. sin N, log. oi 
(d -^v — q)y and Ar. Go. log. of A, and the sum will be the log. cosine 
of an affirmative arc F, less than 180®. 

Add together log. cos (N + F), log. of ^, and Ar. Co. log. of Q)'— %f)j 
and the snm will be the logaiithm of an interval U Add together log. 
cos (N — F)| log. of hy and Ar. Go. log. of (jp' — %f)y and the snm wUl 
be the logarithm of an interval /. And add together log. of (p — u) and 
Ar. Go. log. of (p^ — t/), and the snm will be the logarithm of an in- 
terval f. Then will T — - ^' + J (< + /) be the tme time of greatest 
clecuraiion; T^ — f'-^-t will be the ajjproocimate time of beginning; 
and V — f '\- i will be the appfunmo^e time of end. 

To find the quamt^ of the Edipte, 

10. Add together the condtant log. 1.0792^ log. of h^ Ar. Go. log. of 
(h — 2732), and twice log. sin J F, or twice log. cos } F, according as F is 
ten or grtaJUr ilian 90®, and the snm will be the number of digiu eclipsed; 
on the north limb when (d -{- v — ^) is negaiwe^ but on the 9(AUh when 
it is affirmative. 

To find the true times of beginning and end, 

11. Taking now T to represent the approximate time of beginning or 
nearly so, proceed, as in Art. 9, to find t and <^, omitting the computation 
of e'. Then will T + t — f be the true time of beginning, very 

* The expression, true time, is to be taken here and in the sabsequent part of 
the rale, in a relative sense ; as only Implying that the time found has an accu- 
racy corresponding with that of the tables, from which the places of the son ana 
moon have been obtained, and of the number of decimals used in the calculation. 
With reference to a more exact determination, with more accnraiB data, they are 
near apfrm^iMte timet. They may frequently be in error to the amount of two or 
three tenths of a minute; and sometimes, perhaps, to the amount of half a 
minute. 
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nearly. Then^ taking T to represent the approximate time of end, find f 
and ^', omitting the computation of t, and T + ^ — f' will be the time 
of the end. 

To find an arc Y, es^resnng the angukkr disUmce^ frcm the tun's vertex^ of 
the point at lohtch the edipte begins or ends. 

12. With the values of u and v, at the time T, for be^nning, and 
their hourly changes of value 1/ and t/, at that time, find the value of u 
and Vf at the true time of beginning. Then using these values, to log. of 
14 add Ar. Co. log. of v, and the sum will be the log. tangent of an arc Q, 
less than 180^, which must have the same sign as u, and which will be 
numerically less or grecUer than 90^, according as t; is affirmoHve or nega- 
tive. Then V = 270® + Q — (N + F) will be the distance of the point 
of be^ning from the sun's vertex, reckoned to the right or toest if Y is 
ajfirmoHve, but in a contrary direction if Y is negative. Finding, in like 
manner, u and v, and then Q, for the true time of end, we have Y = 270® 
+ Q-(N~F). 

If u, V, and Q be found for the true time of greatest obscuration, and 
we take Y = 270** + Q — N, when (d + v — j) at the approximate 
time of greatest obscuration is affirmative, but Y =^ 90 -f Q — N, when 
(d -{' V — ^) is negative, then will Y express, for the time of greatest 
obscuration, the angular distance of the moon's centre from the sun's 
vertex reckoned as before to the right or toest. 

ANNULAR OE TOTAL BCLIPSB. 

13. If the value of (d + v*— 9), at the approximate time of greatest 
obscuration, is numerically less than (h — 5464) or if it is so little 
greater, that the sum of log. oos N and log. o{(d^v — g) is numerically 
less than log. of (h — 5464), the eclipse will be total or annular; total 
when (h — 5464) is negative, but annular, when it is affirmative. 

14. When it is ascertained that the eclipse will be total or annular, 
take N, F, (p^ — if), and /' as found for the approximate time of greatest 
obscuration (art 9), and find t and /, using (h — 5464) instead of A. 
Then will T + « — <" and T + i' — ^' be the times at which the 
eclipse begins and ceases to be total or annular. 

Note. The times obtained by the above rules are expressed in mean 
time at Chreenwich. They may be changed to mean time at the given 
place by Prob. Y. 

2. The above rule follows from the formuke for eclipses investigated in 
the Appendix to Part I. 
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EXAMPLE. 



It is required to calculate for Philadelphia; the eclipse of the sun of 
May 15th; 1836. 
The approx. time of new moon is 15d. 2h. 8m.; Greenwich mean time. 

At time T = 15d, 2h. 

V^ . . . • 64° 42' 12" 

&tm'fl hourly motion = 2 25 

*'=•.,. 15 60 

i = . • , . 23 27 44 

A'= . . . • 52 20 23 

ly = , , , -f IS 57 45 

E = - , . i + 59 3 

L = . - . 54 38 55 

% = . . . , + 25 27 

If = . . . 54 24 

Moon's hor. mot. in loBg. == 29 57 

'f « " in kL = 2 45 

At time (T -f Ih,) = 15d. 3L 

L'= . , . .64^ 44^ 37^ 
L = . . < . 55 8 52 
X = . . , + 28 12 

At time T = 2 hT«, 

I^g. A. 0,44993 
F = 18*^ 57' 45" A. C. cos, 0.02423 



Log. a 0.47416 

Log. C. 0.47416 Log. C. 0.47416 

L — L' = — 197" log, 2.2944771 %=^ 1527" log, 3.18384 

a ^ — 587 2.7686311 t = + 4550 3,65800 

I . . log. tang, 9,63752 i , log. tang, 9.63752 

y^54° 42' 12"log. cos, 9.76178 L - log. cos. 9,76178 

<;=— 147 . , 2.16798» £? = +1141 , 3.05730 
p = a^c?=r^l728 ;2 = 5 + c= + 4403 
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Log. B. 5.80184 9.4180 8.250 

S' =15^50^ log. teng 7.66330 F log. on 9.5118 I/log. ooa9.976 



V = 2918 
2732 



I = 5650 



8.46514 log. B. 8.9298 log. K. 8.226 
. log. £. 9.9062 



At time, (T + Ik.) = 8 hn. 



Log. C. 0.47416 Log. G. 0.47416 

L — 1/ = + 1456^ log. 8.16286 x = + 1692" log. 8.22840 



a = + 4335 8.63702 &= + 5042 8.70256 

« . . log. tang 9.63752 « . . log. tang 9.63752 
I/=540 44'37'' log. 006 9.76136 1/ . . log. cos 9.76136 



e = + 1086 



8.03590 <2 = +1263 

J) = + 3072 ; q = + 6128. 
y = +4800 ; j' = +1726. 



8.10144 



d 

15 


A 

1 
2 
8 
4 


—11328 

— 6528 

— 1728 
+ 3072 
+ 7872 


+ 953 
+ 2678 
+ 4403 
+ 6128 
+ 7853 


H' = + 2 X 15» + B = + 30» 59' 




For Philadel 


phia, Lat: 39» 56* 59" N 




Log. p eoe t' = 9.8852 
log. U. 8.8852 


; Log. f> sin t' = 9.8053 
log. V. 3.8058 


TY 


log. 
. . log. 

kg. 


U. 3.8852 
Bin 9.5118 


log. y. 8.8053 
V log. COB. 9.9758 




a. 3.8970 


/= + 6041 3.7811 


V 


log. V. 3.805 
. log. sin 9.512 

7.668 


H' = + 80» 59' 
Long.ofPliil». = — 75 10 




H,at timeT = — 44 11 



o = + 10 . . 0.985 
A' = Z — a = 5640 
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Por the aj^praxtmate time of greatefit obaeuration. 

T = 21ifs.|p^*-1T28; g = + 4403; H = — 44<* 11' 

log. U. 3.B852 Jog. G. 3.39T0 

H . . , . log. fiin 9,8432 » H . log, cos 9.856(i 

u = — 5350 . . , 3,7284 n y = + 1789 3,25*26 

Igg. D. 8.92DS log, E. 9.9062 



i/ = _455 . • • 2*6582 n u'^ + Uil 3.1588 

» =/ -^ ^ =^ 4- 4252. 

/ — I?' = 4, 2180 log. 3,3385 N . , log. &m 9.9237 

i/'-ti' = + 3359 A. C. " C.473g N . . , log, eia 9.9237 

N = 57*^1' log, cot 9.8123 p — t* + c=+3720 log. 3.5705 
5j -- t? = + 151 log. 2.1790 y ~tt' . A. C. " 6.4738 

c = -{-98 , . 1.9913 ^ = + 0.78 - , 9.8917 

b. 

X — ^ E— L22 = approx. time of gr. obsanr. 

For triM time of greatest ob^unLtioa and approximals limes of begin- 
nbg and end. 

r = 1,22; p = ^ 5472; q = + 3057; H = — 55* 53'. 

log. U. 3.8852 log. G. 3.3970 

E , . . log. sin 9,9180 n H , • log. c^js 9,7489 

tt = --6356 . . . 3.8032 71 y = + 1399 3.1459 

log, D, 8.9298 H log- E. 9.^062 

i^ = _541 , , 2.7330 n t*'=+1127 3.0521 

log, K. 8,226 

f^= + 4642; A = 5621 £. = + 19 1.278 

^— tj^ = 2265 log- 3,8550 N , , . 'log. eia 9,9301 

y ^ 1*' — 3673 A, 0, " 6.4349 d-^v^q^ 2130 log. 3,3284 

N = 58* 21' log, cot 9 "899 A . . . A.C " 6.2502 

p — ft = 884 log. 2.9465 F =^ 71° 11' log, cos 9.5087 

<f = 645 2,7364 - 

N + F^129^32'; log. COS 9.8038 n N'—F = — 12- 50* log. cos 9.9890 
h . . . log. 3.7498 h . . , . log. 3.7498 
p' — ^ A. C. '* 6.4349 y — w' , A. C. " 6.4349 

f = — 0.^74 - . 9.9885 n ^ = — 1.492 - . 7,1737 
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h. b. m. 
p—u iog.2.9465 T'''r+i{t+f)::=l,2^S^lU,Z=:irue^m9 0tee.6b9. 

/— u' A-C. «« 6.4849 T—t'+t^ 0.006 » eg^proz. time of beg. 

r« 0.241 9.8814 

T'—r+f^ 2.471= «« " end. 

For Qaantity of the Eclipse. 

1.0792 
h . . . . log. 3.7498 
A — 2732 == 2889 A. C. « 6.6392 
i P = 35« 36' i log. sin 9.7649 
} F . . . . " 9.7649 



Bi^to eclipsed 7.9, on souA limb, log. 0.8980 

For true time of beginning. 
r=0 0; jp = — 11328; J = 953; H = — 74*» 11' 



H . 


-7386 . 
-628 .. 


log. U. 3.8852 

log. sin 9.9832 n H 


log. 0. 3.3970 
log. 008 9.4355 


» = — 


. 3.8684 » ^ = 680 . 
log. B. 8.9298 


. 2.8325 
log. E. 9.9062 


«'=- 


. 2.7982«. t«r = 548 . 


. . 2.7887 
log. E. 8.226 



i> = 5361; A = 5631 5 = 9 . . . 0.965 

j'— 1/ = 2353 log. 8.3716 N . . log. rin 9.9420 

y— ii' = 4252 A.C. " 6.8714 rf + e — g = 2227 log. 8.3477 

N=6P8' log. cot 9.7430 h . . A.O. " 6.2494 

^ — «=— 8942 . log. 3.5957 n F = 69"45' log. cos 9.5391 



d = — 2181 8.3387 n 

N-|-F = 180<'48' log. cos 9.8152 n p—u. , log. 8.5957 » 

h . . . log. 8.7606 j/ — t/ A.C. « 6.8714 

</ — W . . A.C. « 6.3714 ^' = — 0.927 9.9671 » 



t = — 0.865 9.9872 n 

b. b. m. 

T—f + i — 0062 = 3.7 = tmo time of bepnning. 
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For tha trwe time of end. 






r= 


2,47; p=^b2Si q = 5214^ B^- 


- 37*^ 8' 






log. U. S.8852 




log. G< 3.3970 


H . 


4634 


log. sin 9.7808 n 


H . 
g = 1989 


log. eoa 9.9016 


v ^ — 


. 3.6G60 M 


3.2986 




894 


log. D. 8J298 


14' = 1603 


log. E- 9J062 


V ^ ^ 


2.5958 n 


3/2048 










log. K. 8.226 



fc = 27 1,431 

p = 4052; A = 5613 

g' « t^ ^ 2119 log. 3.3261 N . . log. ein. 9.9209 

^ _ le' ^ 3197 A. C. « 6.4952 rf + i? — j = 2259 log, 3,3589 

N = 56=28' log. cot 9.8213 A , . A, C. " 6>25Q8 

p—u^ 5162 log. 3.7128 F = 70^ 24' log. coi. 9.525& 

d = 3421 . 3.5341 

N^F =— IS** 66' bg. COS. 9.9870 j? — « . , log. 3 J128 

A , , . log. 3.7492 |/— «' - A. C. '' 6.4952 

/ — t/ A. C. " 6.4952 £"=1.014 . . 9,2080 
/ = 1.704 . , 0.2314 

1* — (" -j- (' = 2.560 = 2 33.6 = true time of end. 

For y, at beginiuDg. For Y, at end. 

M ^ — T352 log. 3.8664 n « = — 4490 log. 8.6522 » 

t^= + 5322A. C. " 6.2739 i^= + 40nA. C, " 6.3961 

Q ^ ^ 54° 6' log. tang 0.1403 n Q= — 48^ 11' log. taug. 0.0483 ji 

V=270° + Q — (N+F)-^85^6'V = 270'=+Q— (N— F)=235'='4y 

For Y^ at grcotest obscuration > 

1* — — 6336 log. 3.8018 ^ 

« =F + 4632 A. C. " 6.3342 

Q= — 63'^ 50' log. tang 0.1360 
Y= 270=^ + Q — N = 157** 49' 
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Bedadng to Philadelphia, mean tiiiie, we haye, 

h. ML 

Beginning of Eclipse at 7 8.0, A. M. 

Greatest obscuration 8 13.6 

End ... 9 82.9 

Di^tf eclipsed 7.9, on south limb. 
Edipse begins 85^ 6', frcm rertex to the right 
Greatest obsour. 157 49, " " " 

EcUpse ends 124 15, '^ << left. 

To construct a figure representing the edipse cU the time o/grecUest obscura- 
tiorif and shotoing the points of beginning and end* 

With a ladins 6, taken from a scale of equal parts, describe a cirde 
YBB, Fig. 67, to represent the sun's disc; then, taking a point V, at the 
top, to represent the vertex, draw the vertical diameter YY'. Make VB, 
or the angle YSB, equal to the value of the arc Y, found for the time of 
beginning, and B will be the point at which the eclipse commences. Make 
the arc YBE, equal to the value of Y at the end of the edipse, or^ which 
is the same, make the angle YSE, equal to its supplement to 860^, and E 
will be the point at which the edipse ends. 

Make the arc YG equal to the value of the are Y, at the time of greatest 
obscuratioQ, and drawing the diameter GGK, make QD equal to the digila 
eclipsed, taken from the same scale. Then, as A — 2782 : 2782 : : 6 1 
a fourth term. Take DM equal to this fourth term, and with the centre M, 
and radius MD, describe the arc oDb. Then will oDhQta represent the 
quantity and posittoaof the part edipsed at the time of greatest obscuration. 

Exam. 2. It is required to calculate for Philadeljdda, an eclipse of die 
sun that occurred in Maj, 1854. 

k. m. 

Ans. Beginning at 4 10.8 P. M. mean time 

Greatest obscur. 5 26.9 

End . , 6 34.0 

Digits eclipsed 10}, on northern limb. 
Eclipse begins 147^ 52^ from vertex to the right, 
Greatest obscur. 117 45 « « « left, 
Ends 25 27 " " *' " 
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PROBLEM XVn. 
7b find a series o/placee at vihich an edtpee of the nm vriU he oeiUrcU, 

1. Take for|7; q, p', and ^ the 10000th parts of the Talues of these 
quantities, as found by the last problem, for the time T, and for If its 
value at that time. To log. of q', add Ar. Co. log. off/, and the sum will 
be the log. cotangent of an affirmative arc N, less than 180^. To log. 
oot N add log. of p, and the sum will be the logarithm of a quantity d. 
To log. sin N add log. of (d — q), and iJie sum* will be the log. cosine 
of an affirmative arc Iff, less than 180^. 

Find the intervals t, f, and f from the formulffi| log. of t = log. cos 
(N + F) + Ar. Co. log. ofp'-, log. of i' = log. cos (N — F) + Ar. Co. 
log. ofp' ; and log. of if' = log. ofp + Ar. Co. log. of j/. Then, T — 
<"-{-}(<-{-<') will be T', the time of the middle of the central eclipse for 
the earth in general; T — <" + <j will be the time of beginning; and 
T — /' + ^, will be the time of end. 

2. To the value of H at the time T, found by the last problem, add 
(T — T) .15°, and the sum will be the value of H' at the time T'. From 
this value of H', and to it, subtract and add, i (tf — t), 15^, and the re- 
mainder and sum will be the values of H' at the beginning and end of the 
central eclipse. 

3. To log. sin (N + F + 180°), add log. cos IX, and the sum will be 
ibfi log. sine of the geocentric latitude ^', not exceeding 90^, and north or 
south, according as the sine is affirmoHve or negative. To ^', add the reduc- 
tion of latitude, taken &om table XYI., with ^' as the argument, and the 
sum will be ^, the latitude of the place at which the eclipse begins to be 
central. To log. cot (N -^ F) add Ar. Co. log. sin J/, and the sum will 
be the log. tangent of an hour angle H, less than 180°, and affirmcUive 
when (N -f- F) is in the^rs^ or fourth quadrant, but negative when it is 
in the second or third. When H is to be negative, it must be taken greater 
than 90°, if its tangent is affirmative, but less than 90° if the tangent is 
negative. Subtract H from the value of H' at the beginning of the cen- 
tral eclipse, and the result will be x, the longitude of the place at which 
the eclipse begins to be central. It will be west if affirmative, h(at east 
if negative. 

Using (N — F) instead of (N + ^> uid taking the value of H' at the 

* When tills otim, after one 10 has been rejected from the index, is greater than 
10, which is the greatest log. cosine, the eclipse cannot be coitral at any place. 
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end of ihe central ecUpse, we find, in like manner, tlie latitude and long^ 
tade of the place at which the eclipse ceases to be central. 

4. To log. sin I/, add log. tang N, and the sum will he the log. tangent 
of an arc M' not exceeding 180^, and with the same sign as I/. When 
M' is to be negative, it must be taken greater than 90^, if its tangent is 
affirmative^ bat lesi than 90^, if the tangent is negative. To log. sin ly, 
add log. cot. N, and the sum will be the log. tangent of an arc N', less 
than 90^, and with the same sign as its tangent Then take S = M' -{~ ^* 
Find 

log. F = log. tang 1/ + Ar. Co. log. sm M' 

log. C = log. cos F + Ar. Co. log. cos IX + -Ajt. Co. log. sin N 

log. E' = log. cos ly + log. sin N + log- eos N + log. of 15 + Ar. 

Co. log. of |/. 
log. G' = log. sin N + log. sinN + Ar. Co. log. cos F + log. of 15 + 

Ar. Co. log. of j/. 

5. Add M' to the value of H' at the middle of the central eclipse, and 
call the sum H". Add M' to the value of H at the beginning of the cen- 
tral eclipse and call the sum V \ also add M' to the value of H at the end 
of the central eclipse and call the sum V, The quantities found in the 
last article and this, may all be regarded as constant. 

6. Let L be the value of (H -f W) at any time during the central 
eclipse. Then, assuming for L any value at pleasure within its limits L 
and L", to log. sin L add log. B', and the sum will be the log. tangent of 
an arc B, not exceeding 90^, and with the same sign as its tangent. To 
log. cos B add log. C, and the sum will be the log. sine of an arc C less 
than 90^ and with the same sign as its sine. Then will B + C be the value 
of t', the geocentric latitude of the place at which the eclipse b central 
when L has its assumed value. From ^' we find ^^ as in Art 8. 

Add together log. sin f ' and log. E', and the sum will be the logarithm 
of an arc E, in degrees and decimals of a degree. Add together log. cos 
^', log. sin (L — S), and log. G', and the sum will be the logarithm of 
another arc G. Then will H" + E -f — L, be x, the longitude of the 
place. 

We may thus, by assuming a series of values for L within its limits 1/ 
and y, find a series of places at which the eclipse will be central. 

Note 1. When two assumed values of L differ only in the mgn, the cor- 
responding values of B will differ only in the sign, and the values of C 
will be predsely the same. When two assumed values of L are supple* 
ments of each other, the latitudes and values of E will be the same for 
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each. Bj attention to tliese oirciimstanoes^ the compntation of a series 
of places may be considerably shortened. 

2. If we subtract M' from any assumed Talae of L, the remainder will 
be the hoxir angle at the place at which the eclipse is then central. 

EXAMPLE. 

Eeqnired the times and places at which the eclipse of May^ 1836, began 
and ceased to be central; and also a series of other places at which it was 
central. 

d. b. m. 

From the calculation of the last problem, we have T = 15 2 0, D 
= + 18® 67'.7, and H' = + 30® 69'; also dividing the values of |> and 
q at the time T, and the values of j/ and q', by 10000, we have, p = — 
.1728, q = + .4403, j/ = + .4800, and 2' = + .1725. 



j' . . . log. 9.2367 
j/ . . A.C. « 0.8188 


N . . . log. ain 9.9736 
rf_2 = — .5024 . log. 9.7011 n 


N = 70" 14' log. cot 9.6565 
p . . . log. 9.2375 n 

d = — .0621 8.7930 n 


P = 118''13' . log. COS 9.6747 n 

p . . . . log. 9.2375 n 
y , . A.C. " 0.8188 




<^=: — .8600 . . 9.5568 « 



N + F = 188^27' log. cos 9.9953« N— F=--47®69'log.cos9.8257 
j/ . . . A. Clog. 0.3188 y . . A. Clog. 0.3188 

< = — 2.061 . . 0.3141 n f' = 1.395 . . 0.1445 

b. 
r = T — f + i (t+ f) = 2.027 = time of middle of central eclipse. 



T- 
T- 


-<' + 


t =0.299: 
t =8.765: 


= " 


be^nning 
end 


a « 
« « 




H', 
16" 


at time T, . 
X .027 


. . 


+ 80" 
+ 


59' 
24 






H', 
15" 

H', 


at middle of oentr. eclipse 
X 1.728 . . . 

at beaming of oentr. ecUpse 


+ 81 
25 


28 
55 






, + 5 


28 




H', 
2b2 


« end « 


u 


+ 67 


18 












c 
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For phoe of begianing. 

N + F + 180" = 8° 27' . log. mn 9.1672 
F log. 008 9.9758 

t' = 7''69'N. . . . 9.1430 

N + F = 188''27' . . log. cot 0.8281 
jy . . . . Ar. Go. log. (rim 0.4882 

H = — 92«46' . . . log. tang 1.3163 
♦ = 8° 2' N. J 31 = H' — H = 98° 14' W 

For place of end. 

N — F + 180O = 182" 1' log. On 9.8710 
jy . . . . .. log. 008 9.9758 

t' = 44°89'N. . . log. rin 9.8468 

N— F = — 47»59' . . log.cot9.9547» 
F . . . . A. C. log. Bin 0.4882 

H = 109°50' . . . log. tang 0.4429it 
t = 44° 60' N. ; X = — 52* 82' B. 

For constant quantities. 

V . . log. sin 9.5118 F . . log. rin 9.5118 

K' . . log. tang 0.4445 N . . log. oot 9.5555 

M'= + 42° 7' log. tong 9.9563 F = 6° 40' log. tang 9.0673 

8 = + 48" iT 

jy . log. tang 9.5860 F . . . log. cos 9.6746 

W A. 0. log, an 0.1735 F . . A. C. log. cos 0.0242 

F 9.7095 N . . A. C. log. Bin 0.0264 

C 9.7262 

F . log. cos 9.9758 N . log. rin 9.9736 

N . log. sin 9.9736 N . log. sin 9.9786 

N . log. cos 9.5292 N' A. C. log. cos 0.0029 

15 . log. 1.1761 15 . log. 1.1761 

j/ . A. C. " 0.8188 p' A. 0. " 0.3188 

log. B' 0.9735 log. 0' 1.4450 
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H. 9i beg. «entr. Mlipse == — 92<' 46 
M'= . . . +42 7 

L' = — 60 89 
Hy at end oentr. eclipse= + 109^ 50 
M= . . . + 42 7 

I/' = 151 57 
H'^ at middle of centr. eclipse == Sl"^ 28' 
M'= . . . . 42 7 



AsBameL = - 


-50». 


kg. Bin 9.8848» 


B 


log. F 9.7096 





H" = 73 80 = 78».50 
For places at which the edipee will be central. 

log. cos 9.9689 
log. e 9.7262 

B=: — 210 20' log. tang 9.6938» = 29° 88' log. an 9.6941 

t' = B + C = 8» 12* N., t = 8" IS' N. 
t' . . 1^. rin 9.1642 t' . . . log. ooe 9.9966 
log. E' 0.9736 L — S = — 98" 47' log. sin 9.9949n 
E = l».84 . 0.1277 log. CK 1.4460 

G = — 270.26 . 1.4364n 

x = H'' + B + G — L = + 97''.69 = 97° 86' W. 

Assume L ^ -|- 60°. 

Then (iVbfc), B = + 21° 26',C = + 29° 88',t'=61°4'N.,t = 61° 16'. 

f = + 61°4' log. on 9.8909 f • • log. cos 9.7982 
log. E* 0.9785 L — 8 = 1° W log. sin 8.8270 

E = 7°.32 . 8644 log. G' 1.4450 

G = 0°.87 . . 9.5702 
X = 31° 11' W. 
AssoiM L = + 180°. 
Then (Able), ♦' == 51° 4' N., t = 61° 15' N., B = 7°4ffl. 
t' = 61° 4' . log. cos 9.7982 
L — 8 = 81° 18* log. sin 9.9949 

log. G' 1.4450 X == — 81°. 88 = 81° 68' B. 

G = 17''.80 . . 1.2881 
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By assuming for L yarious other yalues between its limits 1/ and V^ 
the latitudes and longitudes of a series of places at which the eclipse will 
be central, as given in the following table, may easily be found. The oom- 
putation of a part of these may senre as an exercise for the student 



L. 


Lat. 


Long. 


— 50° 


S9' 


8» 


2'N. 


98° 14' W. 


— 50 





8 


15 


97 35 


— 40 





12 


9 


88 14 


— 30 





16 


42 


80 


— 20 





21 


44 


72 49 


— 10 





27 





66 30 


— 





32 


15 


60 44 


+ 10 





37 


12 


65 14 


+ 20 





41 


89 


49 41 


+ 80 





45 


81 


48 58 


+ 40 





48 


43 


37 44 


+ 60 





51 


16 


81 11 


+ 60 





53 


9 


24 17 


+ 70 





64 


29 


17 2 


+ 80 





65 


16 


9 29 


+ 90 





53 


81 


1 42 W. 


+ 100 





55 


16 


6 21 E. 


+ 110 





54 


29 


14 86 


+ 120 





53 


9 


23 6 


+ 180 





51 


15 


31 53 


+ 140 





48 


43 


41 


+ 150 





45 


.81 


60 86 


+ 151 


67 


44 


50 


62 83 E. 



PROBLEM XVra. 

Tlie value of a gwmtUy at three cofuecuHve whole hours^ T — 1, T, and 
T -{-1, being giveUy to find its value at an intermediate time T^ and itt 
hourly variation at that time. 

Attending to the signs, subtract the Talue . of the quantity at the time 
T — 1, from its value at the time T; and its value at the time T, from its 
value at the time T -f 1 ; and the remainders will be iht first differences. 
Subtract the first of these from the second, and the remainder will be the 
second difference* Let a == the value of the quantity at the time T ; 5 =s 
the half sum of the first differences; c = the second difference ; and t = 
the interval between T and T, expressed in the fraction of an hour, and 
marked negative when T is earlier than T. Then the value of the quan- 
tity at the time T', will be 
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Aod tlie lionrly YariatloQ of the quantity at tli^ time Tj will be 

h + tc. ^ 

EXAMPLE, 
Given the moon's declination^ on a certoin day, as follows : at lOh.., 
D = + 15' 58' 50'M ; at 11 h., D = 15^^ 47' IF.O ; and at 12 h,, 15^ 
35' 27"J* Bequir^d iU value at 10| h, 

Istdiff. snddiff. 



10 


+ IS" 58' 


50.1" 


11 


15 47 


11.0 


12 


15 36 


27.1 



— 11' 39.1" 

— 11 43.9 



— 4.8" 



a = -f- 15' 47' 11.0", 6 = — 11' 41.5", c = — 4.8", * = — |. 
t.h = + 4 40.6 

r=- ^ 

D = + 15 51 51.2, at time T. 

6 = — 11' 41.6" 
t e = + 1.9 

— 11 39.6 =: hoorlj Tarution at time T. 

rSOBLEM XOL 

7b axiculaie an EcUpic of the Sun far a given place, ohtaimng tlw p?a£i% 
(fee. J of the moon ami Attn^ from the Nautical Almanac. 

1* Let A and A' represent the rigbt ascen^tiona of the moon and aim, 
reipectivolyj D and IV, tbeir declinationsj marked negative when jouMp ^ 
and f(' their equatorial Lorizontal parallaxes, and a the sun^s apparent eemi- 
diometer* Also let T be the Greenwich mean time of new moon, taken 
to the nearest whole hour ; other contiguous whole hours, earlier «id later 
being denoted by T — 1, T — 2, &c., and T + 1, T + % &c. 

For the times T — 2, T — 1, T, T -(- 1, and T + 2, find the ralueii 
of A, A', D, ly, Hy and ^\ And for the time T find the value of n^ 
whieh may be regarded as constant during tbe eclipae. Also, for the 
timea T — 2, T — 1, &«., find the log. tang *', log. sin B', log. cos D, 
lo^ A ^ log, sin ly -f* log, tang l\ and log* B -^ log* coa Vf + log, 
timg ^. Arrange the qnantities thna found in tables opposite the houra^ 
as m tte following example; and find a quantity /^ from the formula. 
log- ^ = Ar. Co. log. Bin (« — t^) + log, sia k + 9,4358665. 
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For tlie times^ T — 2^ T — 1, &o. find by the following formiil» the 
quantities jP; q, I, and f. 

[+kf.rtii(D-.»). 
lQf.j» = Ar.Oo.Iof.riB(v — «0 + I<v.iia(A-^A0 + l<«.oo6D; kf. « = Ar. On. lof . lin (v— «0 

lQg;<i = log.j» + ]og.fin(A — AO + lofc. O06D';Joc.osAr.Oo.Iof.d&(v— «0 +1oCM«-CI>— ^ 

From the Talnet of p and g for the whole hoars, find by the last 
problem, their values for the intermediate half hours. The Talne of / or 
fj at each half hoar may be taken equal to the half sum of its values at 
the preceding and following whole hours. Arrange tiie values thus found 
in a table, placing in columns adjacent to those containing the values of 
p and q, the differences of their values for each half hour* The values 
of p and q, for any intermediate time may then be easily obtained by 
proportion. The values of j/ and ^, at each of the times T — 1, T, and 
T + 1, are respectively equal to the sums of the preceding and following 
differences. Their values at the times T — 2 and T -|- 2 become known 
from their hourly changes of value. 

Take from the Nautical Almanac, the sidereal time at mean noon at 
Greenwich, on the day of the eclipse. To this apply the sider^ time 
corresponding to the interval between Greenwich mean noon and the time 
T, by adding or tuhtractinff, according as T is after or hefire noon. The 
result, converted into degrees, will be Z', the right ascension of the lenith 
of Greenwich, at the time T. All the preceding quantities are indepen- 
dent of the g^ven place. 

2. To the value of Z' or from it, add or nAiraci the longitude of the 
given place, according as it is eoM or wett^ and the sum or remainder will 
be Z, the right ascension of the senith of tiie given place at the time T. 
From Z, subtract the value of A' at the time T, and the remainder will 
be H, the hour angle at the given place at the time T. Take the diffsiw 
ence between the values of A' at the times T and T -}- 1, and call it A''* 
Then the value of H at another time T' may be found by adding to its 
value at the timeT,(T' — T)X 15* + (F — T) X (2^ 28" — A"). 
When A'^ does not differ more than two or three seconds from 2' 28'^ th« 
second prodnct may be omitted without material error. 

Having found for the given place, the logarithms p cos V ^^^ P ^ 
y, by Prob. XY., the values of «, v, %', i/, and A, may be found by the 
following formulfle : 
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Log. a t=:k>g. p ski f + loig. A J log./= log. p on f + log. eos IT, 

log. « = log. f co§ t' + log. sin H; log. 0=log. pooB f' + log. oosH, 
l(^.«'=l6g.«-f log. timiy + 9.4180; kg. y = log. O + log. idnl/ 

kg. 1^ = log. €^ + 9.41^0 } log. 6 = tog. O + log. B. 

8. With tlio Tallies of p, q^ u, Vj ioo^ fomai (or dm nqviiite timos, 
make ike computetian bj Arts. 8, 9^ Ac, of it^ rule to Pkob. XVI., 
Qmng logarithms to four decimal figores, and nattiral iituttt>er8 to three or 
four decimals. Then, for the times of beginning and end thus foond^ 
taken to the nearest hundredth of an hour| repeat the eaknlation; using 
logarithms to fite or mo^ decimal figures. 

When the eclipse is annular or total^ the times of its beginning and 
eeaaiiig to be so^ are found in a similar manneri onlj using f instea<l of I. 

NoU. — ^The general quantities^ whope Tiluee are found bj the first 
article, serve not only for calculating the times of beginning, &c., of an 
«dipee for any place ti which it will be Tisible, but also ler tiie oalcul»> 
tioos lequinte to determine the loii^tude 'Of a place, from the observed 
times of begiMdng and end at that pkee.* 

EXAMPLE. 
Let it be reqiurod to compute, for Philadelphia, the edipee of May 
15th, 1836. 

1. Fot quantities independent of the place. 

Bj the Nautical Almanac, the time of now moon is May 15th, at 2hrs. 
6.9m. Taking, therefore, T = 15d. 2h., we find frcmi the Nautical Al- 
manac,'}' and from tables of sines, tangents, &c., the following quantities : 



B^h. 


A 


A' 


A— A' 


jr 


ir' 


*— ir' 


15 


51»10'26".35 


52'»15'28".95 


—65' 3".60 


54'2S".60 




54'17".12 


1 


51 40 28 .14 


52 17 57 .14 


—3729 .00 


54 24 .90 




6416 M 


2 


52 10 88 .90 


52 20 25 .84 


— 951.44 


51 24 .21 


8.48 


54 15 .73 


8 


52 40 42 .62 


52 22 53 .65 


+ 1749 .07 


54 23.53 




54 16 .05 


4 


53 10 54 .30 


52 25 21 .78 


+ 4582.52 


54 22 .85 




54 14 .73 



* The Tftlaes of p^ ^, u^ 9, &c., are found by the formiil» in Art. 75 of the Ap- 
pendix. To find them by the formal« in (App. 69), the values of a; c^ and ^, 
muft first be computed (App. 68). For all important ecUpses, these and the other 
general data are given in the Berlin Ephemeris. 

t The vidww of A, A^ D, IV, r, and i^ may be obtained from the part 9f the 
Nautical Almanao given bk TMde LXY. The value of a^ Is g^ven in a different 
part of ttieAlmanad. 
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Sidereal tima ftl mean noon at Oreenwichi 
Add for interval of 2hr8., from tab. X. 



1 Z' = 



8 22 57.98 
2 16.71 

6 88 17.69 

88<»19'26".8 



For Pbiladelplua. 



Long, of Philad«. 

Z, at time T, 
A', ** «* 



83»19'26".8 
— 76 10 

. 8 9 26.8 
62 20 26.8 



H, at time T, (2hT8.) —44 11 
A" = V 28"^ 

Hakiog now the approximate calcnlatioii, the results obtuned would be 
netriy the same as those found in the first example to Prob. XVI. We 
may, therefore, for finding tbe times of beginning and«nd more accurately, 
take T = 0.06h. for the beginning, and lY = 2.56h. for the end. 

For the bejpnning. 

r = 0.06 = 8.6 
p= —1.10417; 2=0.10268 J j/= 0.4807; 3'= 0.1788; H= — 78»17'0^. 



log. pant' 



. 9.8068 
log. A. 7.1746 



log. p an t' 



. 9.80582 
log. ooa 9.97582 



• = .00095 6.9799 


/= .60414 


. . 9.78114 


log. pcos.f' . . 9.88517 


log, p 008. ♦' 


. . 9.88617 


H . log. rin 9.98125 n 


H . . 


log. cos 9.45885 


« = — .78622 9.86642 n 


log. G. 9.84402 


jy . log. sin 9.6114 


F . 


log. sin 9.51140 


9.4180 


ff= .07168 


8.85542 


1/ = — .0626 8.7958 n 


V = 0.58246 




log. 0. 9.8440 




log. a. 9.8440 


9.4180 




log. B. 7.6891 



tif = .0678 
20 



8.7620 



.00096 



6.9881 



k — l — (a + b) = M2dO 
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/ — 1/=.2868 
y — ii'=.4229 



. log. 9.87346 
Ar. Go. « 0J7»7« 



N = CO" 48' 20* 
J, _« —.86895 . 


log. cot 9.74722 
log. 9.66697i» 


rf = — .20616 


. . . 9J1419* 


N • • • • 

c? -f. v — J = — ^373 

A • • • 


. log. Bin 9.94100 

. log. 9.84978 

Ar.Co. « 0.24967 


F = 69»42'6F . 


log. 006 9.64030 


N + F = 180* iV 11" 

A = . . 
j/ — n* . . . 


. log. ooa 9v81272» 
. . log. 9.76048 
At, Co. « 0.87876 


t = — .86478 


. 9.9869U 




log. 9.66697» 
Ar.Go. » 0.87876 



r = — .87242. 



9.94078* 



h. h. 1^ n*. 

T — t' + ts: 0.06764 =04 8.6 = trae time of bepmuag. 



For the end. 

K Kb. 

r = 2.66 = 2. 88.6 



jp = .09798j j=.68626j j»'=.4810j5' = .1731j H=—86<'4r0'. 



log. p rin ♦' 



a =r .00096 

log. p eoe. f ' 
H 

• = — .44887 
V . . 



if=: — .0382 



. 9:8068 
log. A 7.1752 

. 6.9805 

. 9.88517 
log. sin 9.76695>» 

. 9.65212n 
log. un 9.5119 

9.4180 



8.5820* 



log. p rin t' 
V . 

/=. 60404 

log. p OOB. V 

H . 



^=.20242 
« = .4A162 



9.806SS 
log. ooa 9.97575 



9.78107 



. 9.88517 
log. 008 9.90915 

log. G 9.79482 
log. an 9.51194 

. 9.80626 
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t/ = 





log. G 9.7948 log. 9.7948 
9.4180 . log. B 7.0890 


• 


9.212S »» .06271 . 7.4888 




A = .56188. 


4- 


-t/ = .2n3 . : log. 9.32490 
- «' = .8180 . At. Co. « 0.49757 


i» - 


K as 56° 28* 51" 1<«. «o« 9.82247 
-ssc .54680 . . loff. 9.78788 




d = .86388 . . 9.56030 



N . . . . log. rin 9.92059 
d +9 — J = .22870 . log. 9.85927 
A . . . At. Co. « 0.25078 



Fa70°»'49" . kg. OM 9.58064 

N—F=a — 18* 46^58" log. oos 9.98784 

it log. 9.74922 

^—^ . . Ar. Co. «» 0.49757 





fz 


= 1.7145 


• 


' 




0.23418 


p - 


— « 


• • 

= 1.7195 


. At. 

• 


Co. 


log. 


. 9.78788 
0.49757 




0.23540 


— /» 


+ t 


k. 
= 2.555 = 


= 2 sa 18 


"— i 


kiietime( 



h. ii. iee. 

Begpnniiig^ 7 8 28.5 A. H.^ PliilftcPft mean thne. 
Bud 9 M 88.0 '* ^ ^ ^ 

If a more accarale computatioii of the time of greatest obibDimlimtMii 
of the quanldtj of the eclipse is desired, let IT = the time before found, 
ti&eii to the nearest hnndredtk of an honr, and find the yalnes of Pf qi u^ 
9f Ao., fov this time; The eompatation may then be made by articles 8* 
flod 10 of the role to Ph>b. XVL, omng logaritiims to flye decimal figureSi 
and putting the value of / found by the first part of the present rule, in • 
stead of the number 2782. 
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PROBLEM XX^ 

lk> find the longitude of aphce, from the oUerved mean tCmei of beginf 
ning and end of an edipu of the tun, cU thatjplace. 

Takings for the place^ an auumed longitude sa nearly correct sa tlie 
knowledge of its situation permits^ reduce the observed time of beginning 
to Greenwich time, and for this time, find the equation of time from the 
Nautical Almanac. Apply the equation of time, according to the direction 
at the head of its column, to the obsenred time of beginning, and the 
result will be the apparent time of beginning. The interval between this 
time and noon, marked negative when the time is before noon^ will, when 
converted into degrees, be the hour angle H. 

Let lY = the Greenwich time of beginning, taken to the nearest whole 
minute ; and for the time lY, find, as in the last problem, p, q, j>', sffh^^f 
and A, omitting u' and t/, which are not required. Then, using ^ and q 
instead ci (j/ — t/) and (^ — t/), find the corrected Greenwich time of 
beginning, as in the last Problem. The difference between this corrected 
Greenwich time and the observed time of beginning, will be the longitude 
of the place in time, as deduced from the observed beginning; to the 
west when the observed tim^e is the earlier of the two, but to the east when 
it is the later. If the longitude thus obtainod differs several minutes 
from the assumed longitude, the calculation should be repeated, taking the 
longitude obtained for the assumed longitude. 

In a similar manner find the longitude from the observed time of the 
end. The half sum of the two results will the longitude of the place as 
given by the observations of both beginning and end. 

Note 1. When a table of the values of p, q, &c., has not been pre- 
viously calculated, the values of p^ q, and I, may be computed from the 
formulse for the time T' at beginning and the time T' at the end. The 
value of p, at the time T for beginning, subtracted from its value for the 
time T' at the end, will be the change of value during the interval between 
these two times; from this, the value of p', the hourly change of value of 
p, may be easily obtained, with sufficient accuracy, by proportion. In the 
I way, the value of ^ may be found from the two computed values of q. 



2. When the eclipse has been observed at places whose longitodea 
are accurately known, correcdons of the computed longitude, due to 
onors in the tables, may be obtained by the method in Art. 82 of the 
Appendix. 
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EXAMPLE. 

>31ie observed begmning of the eolipse of May 16th^ 1886, at Haverfoid 
school, latitude 40'' V 12^' N., and assumed longitade 6 h. 1 m. 25 sec.W. 
was at 7 h. 8 m. 24.5 sec. A. M., mean time; and the end, at 9 h. 81 m. 
47 sec. Required the lon^tade. 

Observed time of beginning 
AsBomed diff. of long., add 

Oreenwidi time of beginning 

Observed time of beginning • 
Equation of time, add 



Xnterval 



d. k. m. M. 

14 19 8 24.5 
6 1 26 


15 4 49.6 

d. b. m. M& 
14 19 S 24.6 
8 56.05 


14 19 7 20.65 




4 62 89.46 



H = — 78° 9' 62". 

d. b. BL 

/ At r = 15 6 

From the table of values in the example in the last problem,, we find, 
p=— 1.09295; 2=+0.10668; j/=+0.4807; j'=+0.1788; ?==.56482 



log.p sinf' 



9.8059 
log. A. 7.1746 



log. psmf • . 9.80595 
ly . . log. cos 9.97582 



a =z .00096 6.9806 

[.poos, t' . . . 9.88478 
H . . log. sm 9.98098 n 


log 

9 

N 

A 


/= .60601 . 9.78177 

.pooBt' . . 9.88478 
H . log. cos 9.46184 


« = — .78402 . 9.86671 n 


log. Q. 9.84667 
D log. Bill 9.51141 


log.O. 9.8466 
log.B. 7.6891 


^ = .07211 . 8.86798 
« = .63290 


i = . 00097 . . 6.9867 

A = .6628 

^ . . . log. 9.24005 
j/ . Ar.Co. « 0.81818 
N=70» 7' 19" log. cot 9.66818 


. . log. on 9.97882 
-»-^=.29649 log. 9.47201 
. . Ar.Co. « 0.24968 



p—u= — .85898 log. 9.55501 n 
.12978 



2o2 



9.11319 91 
42 



F=60« 18'27''log.cos9.69491 
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N+F=:ilSO° 25^ 40" log. ooB 9.81192 »!> — « . . log. 9.65501 « 
» . . . . log.9.75042 / . . Ar.O. " 0.81818' 

^. . . Ar. Co. " OvSIStS /r= — 0.74986 ».87814» 
<=— 0.7694 . . 9.88047 « 

d. li. Ik no. 

IT — ^4-^s=15 04 14.2 = corrected Greeawioh time of beginning. 
14 19 8 24.6 = obeenred time ** 



6 49.7 W = Lmgitode, from ebseryed beginning. 

d. Ik m. ■••. 

Obfier^ed time of end, . . U 21 81 47 

AflBuned longitade^ add • • • 5 1 26 



areenwieh iaora of end . . • 15 2 88 12 

d. lb M» iifc 
Obeerred time of end, • • • . 14 21 81 47 
Equation of time^ add . • • 8 55.96 

14 21 85 42.96 



Intornl = — 2 24 17.04 



H = . . . — 86^ 4' 16^ 

d. b. B. 

At r = 15 2 88 
p ^0.09812; 2 = 0-68452; // = 0.4810; j' = 0.1781; t = 0.5650tf 

log. pan t' . . 9.8059 log-prinf • • 9.80596 
log. A. 7.1752 V . . log; COS 9;97576 



a =.0096 6.9811 


/= .60492 . 9.78170 


[. (.oobV . . . 9.88478 
H . . log. sin 9.76996 a 


l<«.|>o<at' . . 9.88473 
H . log. COS 9.90757 


«= — .46158 . 9.65469 n 


log. G 9.79230 
jy . . log. ain 9.51194 


log.G 9.7928 
log.B 7.6390 


g = .20146 . 9.30424 
V = .40844 


&s. 00270 . 7.4313 




h =. .66184 
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^ . . . log. 9.28880. N . . log. an 9.97865 
|/ . At. Co. « 0.83785 <f+»—j=.06492 log. 8.81288 
N = 70^12'27" lofrOQt9^6616 k . . Af. Co* " 0^26W7 
p — n = .64465 bg. 9.73612 P=88»46'10* log cob. 9.03670 

<2 = . 19600 . . 9.29227 

N — F=—10*>82'48"log,ooa9.98776 p — u . log. 9.73612 
h . . . log. 9,74923 j/ . A.C. '' 0.81786 

f/ . . A.C. "0.81786 ^=«1.1828a * O.06897 
/ = 1.13456 . . 0.06488 



d. Ik tt» iae. 
r — /' + < = 15 2 33 8.1 = corrected Greenwich time of end. 
K 21 81 47 «» observed timo " 



5 1 21.1 W = longitude; from observed end. 

6 49.7 W = " " beginning. 



half sum => 6 1 5.4 W »» longitude from bothobsttvationti 

SchoUnm. The longitode thus obtained is snbjeot^ however, to the 
error which resolts from enroiv in the tables. But the present eolipia 
being visible and obseiTed; at many of the Buropean ObservatorieS| as 
well as in this oonntrj; the longitudes of which had been previously as- 
certained with considerable accuracy, the means have been afforded (or 
correcting this error, by the method in the Appendix (82). C. Rumker, 
Director of the Hambuig Observatory^ computed the principal observa- 
tions made both in Europe and this country, and thence obtained equa- 
tions for correcting the errors of the tables. From these. Sears C. Wal- 
ker, of Philadelphia, has obtained f = — 2".934, and f = — 7'M98.* 
With these values and those of a and 5, which are easily found from theis 
expressions (App. 82 ^), we obtain (App. 82 «), — 15.22 sec., and — 4.64 
sec., fbr the eorroctions to be added to the longitudes found above, 
from the observed beginning and end respeotivelyi Knoo the ki^tadei 
are west, they are, in accordance with the formula, to be regarded as nega- 
tive. Hence the corrected longitude deduced from the observed beginning 
is 5 h. 1 m. 4.92 sec. W., and that from the end, 4 h. 1 m. 25.74 sea W. ; 



* Transaotioiis of. the Aiaerioan Philosopbical Sooietyj vol. VL, new series. 
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the mean of which^ 5h. Im. 15.338ec. W»f is the longitade of Havexford 
School, as given by the observationB.^ 

The observations of the eclipse made in this eountrj, combined with 
those made in Enrope, afforded fovonrable means for determining the 
moon's parallax. The constant of her equatorial horizontal parallax, de- 
daced by 8. 0. Walker, is 67' 2"; which, agreeing very nearly with a 
late determination of its valae by Henderson, from an extensive series of 
meridian observations made at Greenwich, Cambridge, and the Gape of 
Good Hope, is probably to be regarded as more accurate than 67' V, 
given in the f<»mer part of the work (96). 

PROBLEM XXL 
To ealculcUe an OccuUcUionjo/ ajixed ttar hy the moan^for a given place, 

1. Let A = moon's right ascension, A' = star's rig^t ascension, D = 
moon's declination, 1/ = star's declination, A" = moon's hourly varia- 
tion in right ascension, jy moon's hourly variation in declination, .t = 
moon's equatorial horizontal parallax, H' = star's hour angie for Ghreen- 
wieh, aad H = star's hour angle for the cplven place. 

2. Let T = the mean time of conjunction of the moon and star in 
right ascension, taken to the nearest whole hour; and for the time T, find 
the quantities p, g, j/, and ^, from the following fbrmulso. 

(A — AO cos D D — ly 

^=- — ;; >^=—7r-^ 

. A^cosD , ^ 

The quantities j>' and ^, which are the hourly variations of p and g, 
may be regarded as constant. The values of p and q for a time V, may 
be found by adding to, or tuJbiractmg from^ their values at the time T, 
the quantities (T go T). y, and (T a> T). j', respectively, according as 
T' is lakr or tarlier than T. 

8. To the logarithm 9.4192, and from it, add and subtract log. sm V^ 
and the sum and remainder will be respectively two logarithms of DandB* 

4. To the ridereal time at mean noon at Greenwich, on the day of the 
occultation, taken from the Nautical Almanac, add the sidereal time cor- 



* From the eclipse of September, 1888, Prof. Kendall, who oomputed the lon- 
l^tades of vmrioos places at which the eclipse was obsenred, obtained for that of 
Haverford School, 6h. Im. IS.Osec W. — ^Am. Phllos. Trans, vol. YIL 
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responding to the interyal between noon and the time T, taken from table 
X. From the sum Bubtnict A', the itar'a apparent right asoensiony and, 
oonverting the remainder into degrees^ it wUl be the Talue of H', at the 
time T. To this apply the longitude of the ^ven place by adding when 
it is eastj bnt subtradtng when it is tres^ and the result will be the value of 
Hy at the time T. The yalue of H at any other time T'; may be found 
by applying to its Talue at the time T, the change in the right ascension 
of the senith during the interyal between T and T'; taken from table XIY. ; 
adding if T' is later than T, but wUbtra^ng if it is earlier^ 

6. Haying found the logarithms of p cos f' and p sm f ', for the given 
place, by Plrob. XY., find /and log. G, from the ezi^ressions log./ = 
log. p sin t' -f- log. C09 ly, i^d log. O = log. p cos t' + log. sin IX. 

6. Taking the values otpy g, and ^ at the time T, find the quantities 
«i Vy &o., by the following formulse. 

log. « ^= log. p cos t' + log. sin H; log. ^=log. Qt + log. cos H; 
log. #' = log. « 4- log. D ; log. t^ = log. g + log, B; 

v^f — g. 

log. ^t N = log. (j' — t/) 4. Ar. Co. log. Q/ — 1/), 

log. / a log. oot N + log. O^-^) ; log. 008 Falog. Bin N + log. ( rf I ff q) 4- 0.5646 

N and F both to be less than 180''. 
Jo^. < = log. cos (N + F) + 9.4354 + Ar. Co. log. (// — tO; 

log. / = log. cos (N — F) + 9.4854 + Ar. Co. log. (p— 1O; 
log. f = log. (i> — 1*) + Ar. Co. log. {fl — vT). 
Then will T — <^' -}- ^ = i^roximate time of immersion^ 
and T — <"-f/= " « emersion. 

7. Taking T' to stand for the approximate time of immersion, find p^ 
q, and H, for this time; and proceeding as in the last article, find <and }', 
omitting f. Then T' — <^' + ^ ^^ ^ ^® ^^^ of immersion, very 
nearly. In like manner, finding, for the approximate time of emersion, 
/ and f, we have T — <" -|- l' for the time of emersion, very nearly. 

8. With the values of u and v at the approximate ^e of immendoDi 
find Q and Y, as in Prob. XVI., art. 12. The arc Y wUl designate the 
place of immersion, in reference to the moon's vertex, as seen through a 
telescc^ that inverts. A similar process will give the place of emersion 
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lat it be leqoind to oaoolato for Greeawioh, Utitode 61" 88' 89" N., 
Ae ooeoltetioB cf «^ Leomifl, t£ Jao. 7tli, 1884^ luwiag givea the felloiriqg 
<Ut» taken fin»m the Nkotioal Almiouio 

ft. a. Mb 
Meutneefee^joBciaf^ttMeii. .12 12 17 

Star's »ppM«nt rifkt Mtsen. . . . 10 28 26.89 

Moon's right Moen. at 12h 10 23 1.27 

« « « atlSh. . . . 10 26 8.92 

Star's ^parent declination, ...» 14«68'38.8* 
Moon's deolia. atl2h. . . . 16 86 27.1 

" « « 18h 16 28 88.4 

" equat hor. par. at 12h. ... 66 8.6 

Sidereal time at mean moon, 19h. 4m. 22.4lBeo. 

■Mi 

From these ire have^ T ^ 12h.; A — A' «= — 26.12 ra ^ arc), — 

877"; D — F == 86' 48" = 2208"; A" = 2 2.66 = 1840"; D" = 
— ir 48".7 = — 709". 

A — A' = — 877" log. 2.6768 1» D — iy»2208" . log. 88440 

* =8868 At. Co. " 6.4788 « . . Ar. Co. « 6.4732 

D=16° 86'% co s 9.9887 { = .666 . . 9.8172 
j>= — .108 . 0.0883 » 

A" =1840" . log. 8.2648 iy=— 709" log. 2.8606 a 

H . - . Ar. Co. " 6.4738 m . . Ar Co. ♦« 6.4788 
P . . . log. ooa 9.9887 /a— .211 . 9.8230a 

f/ =.627 . . 9.7218 

9.4192 
D' = 14°69' log. nn 9.4125 

log. D. 8.8817 

log. B. 0.0067 

f or Greenwidi, log. p eos t' = 9.79626, and log; p rin «^ ^ 9t89189 

log. pgint' . . 9.8914 log.poost' . . 9.7968 
ly log. ooB 9.9860 V log. on 9.4126 

/= .762 9.8764 log. G. 9.2078 
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At time T = 121i. 

GBdereal time of meaa bckmi, Qreenioh • . 19 4 22.41 
Addf«rmtemll2hr8. . ... 12 158.28 

7 6 20.69 
A'= , 10 2a 26.39 

. - — S 17 5,7 

W^ ...... 49^ 16' 25.5" 

Long, of GreenwioK , . • . .000 

H, the star's hour ang. st time T, . . — 49 16' 25.5'' 

j»== — 108 ; y = .666 | H = — 49M6' 

Jog. p CO* f' . . - 9,7953 log. G 9.2078 

H . log. Bia 9.8795 tt H . log. cos 9.8146 

11 = — ,473 9.674811 ^ = >105 . . 9.0224 

log, D 8.8317 log. E 0.0067 

t^ = + .032 . 8,5065 n ti' ^ .107 . . 9.0291 
t/ = ,647 

/— *^ = — .179 log. 9.2529 f» N . , ]og,siB9.963S 
p' — «'= .420 Ar, Co.« 0.S768 d^p — q = — J65 log. 9.2175 n 

W= 113° 5' log, cot 9.6297 n 0.5646 

p — « =^ .365 log, 9.5623 F = 123° 51' log. cos 9.7459 m 

d^-^im log, 9.1920 ft 

N + F = 236° 56' log. ooi 9 J369 n N — F r^ — 9° 46' log. cos 9 .9937 

9.4354 9.4354 

|/ _m' At. Co. log. 0.3768 p' — i/ Ar. Co, log. 0.3768 

I = — .354 9.5491 n t = MO 9.8059 

p — u log. 9.5623 T— ("+1=10.78 =qy2m?iE; time of iromersion. 

ir — w'Aj.Co," 0.3768 T— t"+/=ll,77= « " emersion. 

f= .869 9.9391 

I 
At time T= 10.78 h, 

p;= — .751 ; J = .913 ; H = — 67* 87' 
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PBOBLBH XXIL 

TofMkd ih€ longitude of apUwefrom an observed oocvlUatiiM of a fkud 

star ^ A« moon. 

1. Let A| A', fto.| be as in the last problenii and h =s .2725. Umng 
tlie estimated longitade of the place, reduce the observed mean time of 
immersion to Greenwich time. Let T stand for this time, and IT for the 
same time taken to the nearest tenth of an hoar. From the Nautical 
Almanac, find, for the time IT, bj problem AYIUL, the Yalnes^ of A, D, 
A'', Jy, and, by proportion, the Tslne of ft; and also take out the Talnes 
of A', jy, and the sidereal time of mean noon. 

2. Withthevaloesof A, D, fto.,atthetimelT,fiBdthevil«esofjp>;, 
{/i and 2^, from the following formnlse.f 

( A — AO cos D J> — iy 

"^ ft ^ H 

log. B = log.p + log. sin ly + 4.6866 
rf=B. (A — AO iq = e + id 
I ^^ A'^cosD .y = 51 

! ft ' jt 

8. To the sidereal time at mean noom add the sidereal time correspond- 
lag to the interval that T is past noon, taken from table X., and from the 
som subtract A'. To the remainder apply the longitade of the place in 
time, by adding if it is eoff, bat tubtrading if it is ve$tf and, converting 
the result into degrees, it will be H, the starts hour an|^ at ihe observed 
time of immersion. 



* As the Tslaes of A and D are gxren in tlie almanac for every hour, the values 
at the time T may be obtained, nearly, by proportion ; and the values of A'' and jy 
by taking the diiferencee between the values of A and D, reqpeotively, at the preoed • 
ing and following hours. Bnt it is more aocnrate and bat little additional trouble 
to employ the problem for interpolation. 

t Bj differentiating the ezpreesions for^ and q (App. 76), we obtain the foUew* 
lag expreedoos, veiy nearly, whioh are in aooordanoe with the role : 

^A^oosD j^riniy ^ 
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m» 



A" . . log. 8.J86<rr 
H . At. Co. « 6.47340 
D ^ log. OOB 9.98322 
ct = .6276 9.72229 

log. B 8.9675» 
A" . . 8.2657 
emx^ .Wn 7.2862* 

j/= «i' — if = .6970 } j'l 



ir . log.2.84541» 

X . At. Co. " 6.47840 
y = — .2084 9.81881n 



IT 

.y^^i^cr— .2101 



log. B 8.9676» 
2.8454» 



6.8129 



Sidereal time at meaa noon, Greenw. firom N. A., 
Inter, from f lOh. g^res from tab. X. 

noott < 46m. " " . . . 
to time T. i63.8.Beo. '« « . 



te&BMiei long. If. 



19 4 22.41 

. 10 1 88.56 

46 7.66 

68.45 

. 10 28 26.89 
- 4 80 24.41 

1 0. 
-4 8124.41 



By Fwb. XY., we have log. p coe t' = 9.78888, log. p nn f s 9.89688. 

log. p tdn ^ 9.89688 

jy log. COS 9.98499 
/= .7692 9.86087 



logp 


008 t' 


• • 


9.78888 


log 


.powV . 




. 9.78888 




H 


kg. 


■in 9.96671* 




H 


• 


tog. 


00* 9.67685 




l»3cr. 


-.6606 


9.76&a9« 




Df 


« 


kg. 


on 9.4123C 




V am 


.6893 






§^ 


.0689 




8.77759 



/ . . log. 9.32248 « BT . . . log. sin 9.96797 

jf At. Co. " 0.27819 d+» — 2= — .1417 log. 9.15137 « 

N =111° 44' 10" log. cot 9.60062 n k . . Ar. Co. « 0-56463 

p— «=+.17«8 log. 9.28249 n F==: 118" 63' 0" log. eos 9.68897s 
J=;r .0681 8.83311 

N + F = 280« 87^ 10" log. 008 9.80241 n p — % . I»g.9.2d248» 
«... kg. 9.43637 j/Ar.Co. " 0.27819 

tf Ar.Oo. « 0.27819 /=— .3841 9.51068 » 

(= — .3281 9.61697 <i 
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r — Z' + < = 10 47 46.6 
Obfierredtime = 10 45 63.8 



LoDg. of place 1 62.3 W. 

PROBLEM XXm, 

3b find Ae EdiocmtHe Langiiude and Latitude, and die Eadim Vedor 
of Msrcuryf far a given time. 

Bedaoe the giyen time to mean time at Greenwich. Take from table 
LXIX.| the mean longitude of Meroniji the longitudes of the aphelion and 
node, and ihe argoments 11. and m., corresponding to the ^yen year. 
Under ihe three former, place the motions for the months, days, hoars, 
minutes, and seconds of ihe giyen time, taken from tables LXX. to 
LXXTT. ; and under each of the latter, place the number D, in table LXX., 
corresponding to the giyen month, and also the number expressing the 
day of the month, diminished by a unit. Add together the quantities in 
each column, rejecting 12 signs when either sum in the first three columns 
admits the rejection, but setting down the whole amount in each of the 
last two columns. Subtract ihe resulting longitude of the aphelion 
from the mean longitude of the planet, and Uie remainder will be the 
mean anennaly. 

With the mean anomaly as the argument, take the equation of the 
centre from table LXXUI., and applying it according to its signs to the 
mean longitude, add to the result the equations 11. and m., taken fr^m 
table LXXIY., with their respectiye arguments. The sum will be the 
oMt longitude of Mercury. 

From the orbit longitude subtract the longitude of the node, and the 
lemainder will be the argument for the latitude; it will also be the aigo- 
ment for the reduction to the ediptic With this aigument take the 
reduction from table LXXYI., and apply it according to its sign to the 
orbit longitude. The result will be the heliocentric ecliptic longitude, 
reckoned from the mean equinox. With the argument N, found from the 
solar tables for the giyen time, take the nutation in longitude from table 
XXX., and apply it according to its sign to the longitude from the mean 
equinox, and it will ^ye the longitude from the true equinox. 

With the argument of latitude take, from table LX:^Yin. the latitude, 
and also its secular yariations. Multiply tl^e secular yariation by the 
number ot years, — the giyen time is subsequent to 1800, — and diyide the 
product by 100. The result added to the latitude taken from the table, 
will giye the correct heliocentric latitude. 
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TVith ihe mean anomaly aa the argument, take the radioa yector &om 
table LXXT. 

Exam. 1. Required the heliocentrio longitude and latitude, and the 
radius yector of Mercury, on the 13th of June, 1836, at 20h. 12m. 308ec« 
mean time at Greenwich* 







M. Long. 


Aphelion. 


Node. 


n. 


ra. 


1886. 
June 
18th. 
20 h. 
12 m. 
80 fee 


9t 
8 

1 


8° 62' 11" 

22 2 29 

19 6 81 

8 24 87 

2 8 

6 


SB 14® 68* 43" 
28 
2 


li 16<» 22* 26" 
18 

1 


877 

162 

12 


1926 

162 

12 


8 14 64 8 
7 28 27 66 


1 16 22 46 
8 28 82 


641 


2089 


Eq. Cent 


7 

+ 


23 27 66 
6 66 27 


11 8 83 48 
M.Anom. 

1836. 
June 
18 d. 


6 14 47 
Arg. Lat 
N . 

842 

22 

2 

866 




Eq. IL 
£q.IIL 


8 


23 23 
+ ♦ 




OrHtLong. 
Redact. 


8 


28 82 
— 6 16 




Not 


8 


17 16 
— 18 


HeL Let from table !<> 41' 29.6" a 
f9ec Vtriation 4. lA 


HeL Long. 


1 8 


17 8 


True HeL Let 1 41 818 
Radiof Vector 0.46287. 



2. Bequired the heliocentric longitude and latitade, and ^e radiua 
yector of Mercniy, on Uie 17th of Noyemher, 1837, at llh. 29m. 208ee. 
mean time at Philadelphia. Ans. Long. 221« 47' 1"; Lat. 0^ 33' 55"N. 
Bad. Vect 0.44780. 

PROBLEM xxnr. 

The heliocentric longitude and latitude, and the radiui vector of Msrcwy 
at a given time being given, to find its geocentric longitude and latitude 
and it$ horizontal paraUax and temidiameter at that time. 

For the Geocentric Longitude. 

To the sun's lon^tnde at the giyen lime, found by Prob. VI., add 
180^ O' 20", and the sum will be the earth's longitude at ^e time.* Find 



* The son's longitude found from the tables is the apparent longitude as af- 

fMted bf aberratioD, and is therefore 20* less than true longitade. 
2d2 
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the earth's ndina vector^ bj adding to the radius veotor tdnm Arom tsble 
XXXI., with the snn's mean anomaly as the argument, the pertvrtttioiii 
taken from the small table on the same page, with the arguments I., IL^ 
and in. 

Subtract the longitude of the earth from the heliocentric longitude of 
the planet ; the remainder, if less than 180^, will be the angle of com- 
mutation, to be marked we$i ; but, if t|ift remaiodw is greater than 180^, 
its supplement to 860^ will be the angle of commutation, to be marked 
easL Take half the angle of commutation, and subtousting it from 90^^ 
call the remaind^ A. 

Add together the log. coislne of the planet's heHooentrio latitude, the 
logarithm of its radius vector, and the arithmetical complement of the 
logarithm of the earth's radius yector, rejecting the tens from the index 
of the sum, and the result will be the log. tangent of the arc B. 

To the log. tangent of the difference between the arc B. and 45^ add 
the log. tangent of the arc A, rejecting ten from the ind^L of the sum, 
and the result will be the log. tangent of an afc CL Subtraeting C from 
A, the remainder will be the angle of elongation, of the same name as 
the angle of commutation. 

If the angle of elongation is eoft, add it to the sun's Icmgitude increased 
by 2(y' ; but if it is west, subtract it from the snn's longitude thus increased; 
and the sum or remainder will be the true geocentric longitude. 

Add togieth^r the arcs A and C, and the sum will be the annual parallax. 
With the elongation, annual parallax, and geocentric latitude as argo* 
nents, find the abenadon in longitude from taUe LXXDL, and, applying 
it to the tame longitade, the ntolt will be the apparent longitude. 

For the Geocentric Latitude. 

Add together Uie log. tangent of the heliocentric latitude, the log. sine 
of the elongation, and the arithmetieid complement of the log. sine of Uie 
commutation, rejecting ten from the index of the sum, and the result will 
be the log. tangent of the true geocentric latitude, which will be of the 
same name as the heliocentric latitude. 

With the angle of elongation increased by 270% and the annual paral- 
lax and geocentric longitude, each increased by 90^, as arguments, take 
from table LXXIX., parts I., 11., and m., respecUyely, of the aberration in 
longitude, and add them togsi^r, baring regard to Hbx&t aigns. Mukiply 
the sum by the multiplier, taken from a small taUe at the bottann of page 
74, and the product will be the first three parts of the aberration in lati- 
tude. Take from the other small table on the same page, part lY. of the 
aberration in latitude, and add it to the former three, att.ending to tbt 
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rignsi and the satn will l>e the aberratioQ in latitude. Considering the 
true geocentric latitude as affinnative or negative; according as it is north 
or south, add to it the aberration in ktitude, and the result will bo the 
^parent latitude. 

jRr the Horizontal BoaraUax and Semi^^n^eter* 

Add tcfgetber the co9Staiit logarithm 0.98837| tha kg. sine of the true 
geocentric latitude, the arithmetical complement ef the log. sine of the 
heliocentric latitude, and the arithmetical complement of the logarithm 
of Mercury's radius vector, rejecting ten from the index of the sum, and 
the result will be the logarithm of the horisontal parallax, in seconds. 

To the constant logarithm 9.57584 add the logarithm of the horizontal 
parallax, and the sum, rejecting ten from the index, will be the logarithm 
of the semidiameter in seconds. 

Note 1. The true geocentric longitude and latitude and the horisontal 
parallax of the planet Venus, may be found in the same manner. The 
constant logarithm 9.98302 added to the logarithm of the h<Mriaentd paral- 
lax, and ten rejected from the index of the sum, will give the logarithm 
of the semidiameter. 

2. The geocentric longitude and latitude of a superior planet may also 
be found in the same manner, except that, in finding the arc B, one ten 
must be retained in the index of the log. tangent, and the sum of C and A 
must be taken for the elongation, instead of their difiEerence. 

8. At the time of conjunction, the angles of commutation and elongation 
are each nothing, and, consequentiy, the geocentric latitude and the paral- 
lax cannoft be found by the rule. In this case, add the log. co«ne ef the 
heliooeatrio latitude to the logarithm of the planef s radius vector, reject- 
ing ten from the index of the sum, and the insult will be the logarithm of 
the curtate distance of the planet Take the difference between the 
curtate distance and the earth's radius vector, or the sum of the two, accord- 
ing as the conjunction is inferior or superior, and add togetfier the arith- 
metical complement of the logarithm of this difierence or sum, the loga- 
rithm of the planet's radius vector, and the log. sine of the heUoeentrio 
latitude, rejecting ten from the index of the sum, and the result will be tht; 
log. tangent of the true geocentric latitude. Also, add the logarithm of 
the above mentioned difference or sum to the loj|^thm 0.93837, and the 
sum will be the logarithm of the parallax. 

Exam. 1. Beqnired the geocentric lon^tude and latitude, the horiiontal 
IMtfaUax, and the semidiameter of Ifereury at the time given in first exam- 
ple of the last problem. 
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Ibr the Geocentric Longitude, 

Sun's longitude found by Prob. VIL . . .88^ 18' 14'' 
Add 180 20 

Earth's longitude . • • • . 268 18 84 

Sun's aaom. 6* 12® 82^ 2^, ^yes, tab. XX XL, • 1.01602 

Arg. I. 990, gifes 8 

" XL 926, << 4 

<< m. 924, «« 2 

Earth's radius Teetor 1.01606 

Heliooentrio long. Merouzy • • • • 240^17' 8'' 
Longitude of Earth 268 18 84 

887 8 29 
860 

CkMnmutation 22 66 81 B 

11 28 16 
90 

A = 78 81 45 

Mercury's hel. lat. V IV ZV S log. oos 9.99981 

'< rad. Tect. 0.46287 log. 9.66546 

Earth's " " 1.01606 Ar. Co. " 9.99809 

B . . . 240 28' 58" log. tan 9.65886 

450 — B 20^81' V log. tan 9.67818 

A . . . 78 81 45 log, tan 10.69267 

. . . . 61 81 52 log. tan 10.26580 

Elongation . . 16 59 68 E 

Sun's long. + 20^ 88<*18'84'' 

Elongation 16 69 58 B 

Meroury's true longitude • • 100 18 27 

Elongation 17'' 0' g^yes, tab. LXXIX., partL — 19" 

Ann. par. 140 14 «< " « IL + 26 

Geoo. Long. « « ^ JR. — 6 
Aber.inlong. 

Henee the apparent geooentrio longitude is in this case the same as the 
true. 
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ForAe OeocmUrie Latkude. 

Hd. lai. V W 61" 8 log. tai 8.47038 

EloDgaiioii 16 69 63 log. ain 9.46689 

Oommutfttioii 22 66 81 Ar. Go. '< 0.40916 

Truegeoclai. 1 16 9 8 log. tu 8.34643 



+ 270« = 287<> V Part I. — 6^ 

Ann. par. + 90 = 230 4 << 11. + 21 

Qeoo-long. + 90 =199 18 «' UL + 8 

+ 18 
MnltipUer 0.02 

+ JFMr 

Arg. of lat. 194** 1', pyea, part IV. - +3.0 

Aber.inlat +3". 

True geoc. lat — PWy' 

Aber. in lat. + 8 

Appar. geoa lat • . • . 1 16 6 S 

0. log. 0.93887 

True geoe. lat PIO" V log. rin 8.84686 

Hd. lat 1 41 81 Ap. Co. *' 1.62980 

Bad. yeot 0.46287 Ar. Go. log. 0.88464 

Hor. parallax 13.9" 1.14806 

C. log. 9.67684 
Semidiam. 6.2" 0.71890 

2. Beqnired the apparent geocentric longitude and latitude^ the hori- 
lontal parallax and the semidiameter of Meroorj at the time giren in the 
second example ai last problem. Aru. App. geoc. long. 230^ 69^ 68"; 
•pp. geoc. lat 0^ lO' 42" N.; hor. par. 6.0"; and semidiam. 2.8". 

PROBLEM XXV. 
To CalcukUe a Trantit of Merewy. 

1. For Greenwich mean noon of the day on which the transit oooorsy 
find the son's longitude, hourly motion, the apparent obliquity of the edip* 
tics and Meronry's heliocentric longitude. To Mercury's mean anomaly, 
add lO' 14", the mean hourly motion in anomaly, and the sum will be the 
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mean anomaly, an hour after noon. With this anomaly take <mi again 
the equation of the oenke, and adding W 14" to il, sabtract from the Qom 
the equation of the centre at noon. The remainder will be Mercmys 
hourly motion in longitude, nearly. To the sun's longitude, add 180^ CT 2(r, 
and the sum will be the earth's longitude. Then, as the ^Kfferenee of the 
hourly motions of Meremry and the Sun : the difference of ihm longitudes 
: : 1 hour : on sntemd of time. When the earth's longitude k greaUr 
than Merouiy's, add this interval to the mean noon at Ghreenwich, but 
when it is Unnbttiict the interval, and the sum or remainder will be the 
approximate time of conjunction in longitude. 

2. Let T be the approximate time of conjunction, taken to the nearest 
whole hour, and i an interval of two or three hours. For the times T — f, 
and T 4* <9 ^'^ the sun's longitude, radius vector and declination, and 
Mercury's heliocentric longitude, latitude, and the radius vector, and 
thence the apparent geocentric longitude and latitude. Take half the 
sum of the sun'« mean anomalies at the times T — t and T -j- ^ <^ ^^ 
will be the mean anomaly at the time T. In like manner find the radius 
vectors of the earth and Mercury at tiie time T. With these find the 
sun's semidiameter and Mercurjr's equatorial horizontal parallax and semi- 
diameter. Add together the semidiameters of the sun and Mercury, and, 
expressing the sum in seconds, caU H k. To the constant logarithm 
7.96071 add the logarithm of the sun's semidiameter in seconds^ and 
the Sim, rejecting ten from the inde^ will be the logarithm of tiie sun's 
horisontal parallax. 

Take half the sum of the sun's longitude, at the times T — I, and 
T -{- 1, and it will be hb longitude, at the time T. In like manner, find 
, the sun's tabular mean longitude, at the time T. To this add 2^, and 
the equation of the equinoxes in right ascension, found from table XXX., 
with the argument N, at the time T — t, and the result will be the sun's 
mean longitude from the true equinox. With the sun's longitude at the 
time T, and the obliquitj of the ecliptic^ find his right ascension. Sub- 
tract the right ascension firom the corrected mean longitude, and the re- 
mainder, converted into time, would be the equation of time. 

8. Let L = Mercury's geocentric longitude^ x = her geocentric lati- 
tude, K = her horizontal parallax, L' = sun's longitude. A' = his right 
asoensioaf 1/ t=a his declination, lUffcUhe when senth, and • =^ appaient 
obBqniiy of the eoliptio. Then taking the values of the qnantitieB at the 
times T ^ < and T + ^ tespectivdy, find, fior aaefa titM, tiie valuiB of ^ 
and f fiwm the fbUowii^ formulw : 
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Log. d =5 log. (t — I/) + log. COS f + At. Co. log. oos F, 

log. b sa log. X -f log. OOf ff 4- Ar. Co. log. i08 Vf 

log. c « teg. a + log. tang • + log. <50b L^ 
log. d = log. h + log. tang. • -f- log. oos. L', 

Svbtnust the yalne of j>, at the time T --^ ^, from its Ttlae at the tune 
T + () andydiTidipgihe lesnlt by the nomber of the houni in 2/, the <iae- 
tisnt will bef'. Do the same wi& the values of ^| to e^tain ^. 

4. Ti^ Tand IT', to rapresont ibe liaeiB 7 •— f, imd T + /^ *eqp» 
tiyely, and let A = the difference of Hie semidiameters of the son and 
Mercury. Then^ nsing the yahies of p and q, at the time Hf^ find N, d^ 
F, t, ty and {\ by the following fomralsB ; observing diat the arc N is to 
be negoHve, and will, therefore, be between 0° and -^ 90^ when its 
cotangent is affirmatiyCi but between — 90*and — 180®, when the cotan- 
gent is negative. 

Log. cot. N ats log. <2^ + Ar. Co. log. j/ ; teg. d ca log. cot N + ^^-fl 
log. cos P = log. sin N -}- log. (d — q) + Ar. Co. log. h ; 
The arc F to be affirmative and less than 180® ; 

log. < = lofr cos (N + F) + log. A 4- Ar. Co. log. //; 

log. f = log. cos (N — F) 4- log. h + Ar. Ca log. // j 

log. f^ = log. p + Ar. Co. log. y. 

Then we shall have^ in Greenwich mean time, 

T --f' + t = time of first contact, fior the earth's centie^ 
T'^r + f= ** last « ^ ^ ., 

7b find auxiKary quanHHa far computing the effect of pardUax on iht' 
times of ingress and egress, 

5. Let H' be ihe hour an^e at Oreenwich, and find He valne for the 
time of first contact, by adding the equation of time to the mean time, 
and converting the interval between the resulting apparent time and noon, 
into degrees. And using the value of IX at the time T', find^ 

log. G ..8.5668 + log. (*•— r')4.1og. sinN+Ar. Co. log. sb F + Ay. Cd. log./; 

log. A a log. G -f log. 008 (N + F) ; log. B a log. G -f log. iin (N + F) 

log. C a log. B 4- log. 008 ly ; 

log. tang M^alog. B-f-Ar. Co. log. A-)-log. sin D'; log. Dnlog.A-f-Ar.Co.log.008 M; 

ei.H'+ll 



* The aro M to be aiBrmatiTe and less than 180*. 
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Fh)oeed in a sisiilar manner for the time of kat oontaet, uing the 
same log. O, tjie Talae of F at the timelT^ (N — F) instead of (N + F), 
and the valae of H', foond for the time of last oontaet 

Tofind^for a given place^ the correction of (he time o/ contact, on account 

o/ parallax, 

6. Ilnd p COB t' AQd p sin t' for the given place, and put I = lon^tnde 
of the placC; affirmative if eatt, bnt negative if voett. Taking the yaloes 
of the quantities fonnd for the time of ingress, find a, h, and e, from the 
formolsBy 

log. a OB log. { 008 V4- log. I>4- log. sin ({+«); log. 6 s log. { ■inf'4- log. C; 

e mm a — h. 

Then will e be the correction, in seconds, to be mUracted from the 
time of ingress for the earth's centre, to obtain the time at the given place. 

In like manner, nsing the values of the quantities fonnd for the time of 
egress for tiie earth's oentre, find a correction to be added to that time.* 

* The ptraUax of Heronry being small, its infloenee on the time of oontaet is 
also sttialL We ma/, therefore, with bnt leej Blight error, disregard the varia- 
tions of the qnsntities u and v, between the times of oontaet for the earth's oentre 
and a pUoe on the snrfaoe. 

Taking for^ and q their values at the time of contact for the centre, the equa- 
tions of contact for the oentre iHll be, 

And taking c as the interval between the times of oontaet for the oentre and a 
given plaoe on the snrfiMe, and taking for dietinction V instead of P, the equa- 
tions for a plaoe on the surface will be, 
AooeFsa^ — ii4-^8uiN| 

AslnF«g — e + ikJoosN j W 

Multiplj the first of equations (A) bj cos P, and the second b/ sin P, and add 
the products ; and, after doing the same with the equations (B), subtract the last 
sums from the first We shall thus obtain, 

A-.Aeos(P — F)«.iiooeP + esinP — fiesin(P+N). 
But it is eyident that V must be very nearly equal to P. We may, therefore^ 
regard oos (P — F) as 1. Hence, 

fic SB sin (P 4- K) B ti oos P + e sin P. 
Or puttbg (P + N) » qp P> in whieh the upper sign is for Ingrees, aad the 
lower for egress, we have, 

noes (N db F) — erin (N db F) 
"* ^ nsinF 

Substituting in this the expressions for u and v, or for their equivalents, a* 

aad f" (App. 76 b), and for n, its equal -:^-^i we obtain, after some reductions of 

form, the formula which are given in the rule for finding Ac correction on aeeoaat 
of parallax. 
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7. The distance of the plaee of contact from the north point of the son's 
disc, to the ecut if affiirmative^ bat to the wett if negative^ is, for the in- 
gress, 90^ + N + F, and, for the egress, 90® + N — F. 

If the distance fit>ni Uie yertex is desired, find Q from tiie following for- 
mnlsB \ in which t is the geographic latitude of the place, and H the hoar 
angle at the place at the time of contact; obserring that Q may be taken 
less than 90® and with the same sign as its tangent, except the yalae of 
{d — f) is negatiye, in which case, the arc Q mast be more than 90® and 
with a sign contrary to that of the tangent* 

. Log. cl = log. tangt + log. cos D; \og,/=i\og.e^'EL'\'\og.A[ijyi 

log. tang Q = log. sin H + Ar. Co. log. (d — /). 

The yalae of Q being foand f<M* each contact, we haye, for the distance 
from the yertex at ingress, Y = W -f N + F — Q, and, at egress, 
V = 90® + N — F — Q. 

NoU 1. To find the times of internal contact^ take % = the difierettce 
between the semidiameters of the 6an and Mercnry, and, osing this yalae 
of A, compate again (art. 4) the yalues of F, <, and i. Then will T' — f 
4- tf And T' — t^' -f- 1', be the times of internal contact for the earth's 
centre. The corrections on accoant of panllax will be nearly the sam 
for the internal, as for the external contacts. 

2* A transit of Yenas may be oompated in a similar manner. Table 
LXXVIL contains the heliocentric longitades and latitades and yalaes.of 
the radias yector at the times of the next two transits. 

EXAMPLE. 

It is reqoired to caloalate the transit of Meromy that will occar <m the 
8th of May, 1845, and to find the effect of parallax in changing the times 
of ingress and egress for Philadelphia. 

The son's long, at Greenwich mean noon is 
" earth's " " ** 

Hercory's helio. long. •« 
Son's hoorly motion in long. • 

Hcivurjr's • • • • • 

App. obUq. cf ecliptic • • . . 

h. h. B. 

4' 54" : 88' 0'' : : 1 : 7 45. 

Hence the time of conjonction in long, is 7h. 45m. P. M.| neatly 
Taking, therefore, T to denote the 8th day at 8h., let i =: 8h. 
21 
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169 ASROWMT. 

Fot tke tint T — ^ we flid^ 

Sw'0 kmgilvdt 47<> 54' 5^ 

^^ deoUnatioa • • . , 

Mareor^s ipf« g5o0. longitoidd • 

«< << hftitvda 

Enrtk'f or son's ndm imstor 
Mflrotfj's w << . , 

tfst tlie time T + ^ 

Son's lon^tade 

** dedhMilkMi .... 
Meronry's spp* fjeoe. loBj^tfiade • • • 

u u u Uiiittds 

Earth^s ndios ireslor 1.01018 

Herooiy's'' << . . . 0.46428 
For the tiioe T^ or, withoat material error, during the tranat, we find, 
Sun's semidiameter • • • • 951.8^ 

^' hor. parallaz • • • 8.5 

Mercury's semidiameter • • • 6.8 

^* hor. panllax • • • 15.4 

Equation of time • . • 4~ S™* 438ec. 

At time T — t. 

li — L' = 704" . log. 2.84757 x = — 48r . log. 2.63448a 

E == 28<' 27' 29" log. oos. 9.96264 E . • log. cos. 9.96254 

F = 17 llAr. Co. " 0.01988 V . Ar. Co. « 0.01983 

a = 796.36 . . 2.82994 h = — 418.85 . 2.61685ii 

E log. tang 9.63743 E . . log. tang 9.63743 

I/r«47<'54'6riog. eos 9.82628 1/ . . lofrooa 9.82623 

« o. 106.61 . . 2429860 d^^ 1^ J7 . 2.08051« 

jp = 796.36 ; J = — 217.24 
At time T + t, 

L— 1/ = — 7ir i log.2.85187nx=— 698^ . log. 2.84078ii 

E . . . log. cos 9.96254 B . . Isg. oes 9.96254 

iy==17°15' Ar. Co. '< 0.01999 V . Ar. Co. « 0.01999 

a = — 682.97 . . 2.83440n 5=>: — 666.67 . 2^326» 

E .log, taog 9.63748 E . log. tang 9.63743 

L' = 48«9'20" log. cos 9.82419 V • . log. cos 9.82419 

c «= — 197.70 . . 2.29602n d = — 192.70 2.28488ii 



— 496.27 ; J = — 868.87 
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Henoe we have, p = — 214.44, and j = — 107.69 

AtT' = T--/e=61wl. 

rf . . . log. 2.03218n JH . . log. mn 9.95116a 

ff . At. Go. «« 7.66870 » d—g = 617.18 log. 2.79042 

N=-.H6»aO' 68" log.cot. 9.70088 A=957".6 Ar.Co. 7.01882 

p . . . l<>g. 2.90111 Fs=l26"10'8"log.coB9.76040i» 
d^9a9M . . 2.6019d 

N+F=c8« SO't^log. ooB 9.99520 N'-7=s>-241«501''log. co89.«7898ii 
h . . log. 2.98118 A . . . log. 2.98113 
j/ . . Ar. Co. " 7.66870 n j/ . . Ar. Co. « 7.66870» 
t = — 4:4165 . 0.64508n / = 2.1080 . . 0.82886 

p . , log. 2.90111 
J/ . . At. Co. 7.66870 



50 := Oreenirioli time of first oontaot 
18= « « last « 

Ibr Inffnm, 

2.6668 

rt — VrsO^O . . . 0.8888 

N . . . log. on 9.9612m 

F . . . Ar. Co. «« 0.0876 

j/ . . « « log. 7.6687 » 

log. 02.1025 

kg. CF 2.1025 log. a 8.1026 

IT + F=r 8" aV log. 008 9^9952 N + F . log, an 9.1697 

log. A "2.0977 log. B 1.2722 
F = n*ll' log. 008. 9.9802 

leg: B 1.2723 log. Q 1-2524 
F . . log. rin 9.4706 

A . . At. Co. log. 7.9028 log. A 2.0977 

H = 2°82' log. tang 8.6452 ■ . Ar. Co. ooa 0.0004 

H'= 66 28 log. D 2.0981 
M = 676S 







h. 


» 


T 


-r + t^ 
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17 
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-f + i= 


10 
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For Egress. 






kg. Q 2.1025 




log. 2.1025 


N — F = — 241» SC log. 008 9.6740» 


N- 


-F log. on 9.9458 


log. A 1.7766n 




log. B 2.0478 




F = 


sH'iy log. 00^9.9800 
log. G 2.0278 


log. B 2.0478 






F . . . log. sm 9.4721 




log. A 1.7765i» 


A . . . Ar. Go. log. 8.2236n 


U 


. Ar. Go. ooa 0.0581* 


M = 161o 1' log.tug9.7484» 




log. D 1.8846 


H'=168 16 






m=814 16 







For eorreotion of ingress at Phik. 
9.8852 log. |i nn t^ 



log. p cos t' • 

log. D 2.0981 
? + m= — 7^ 16' log. sin 9.101U b 
a = — 12.1 TMUn 



9.8063 
log. 1.2624 
llA see. hSm 



eT=a — 6 = — 28 sec. 

k. a. tM. 

First contact at Phila. 4 18 13, Greenwich time.* 



log. p cos t' • 

log. D 1.8346 
f+m = 239^ ff log. sin 9.9886 n 
a = — 46.1 sec. . 1.6533n 



Vot correction of egress. 

9.8862 log. p rin t' 



l = \ 



. 9.8053 
log. C 2.0278 
Isec. TgSSI 



Last contact at Hiila. 10 47 26, Greenwich time. 
"With the yalnes of H at the times of ingress and egress, which are 
reqwctively, H = — 9* 47', and H = 88** 6', weeasUj find by means of 
the formula, at the ingress Q = — 18'' 28', and at egress, Q" = 61^' 40'. 
With these and the yaloes of N and F, the values of Y become known. 

Bedndng the times fonnd to Philadelphia time, we have, 
h. a. fM. 

First contact, at 11 17 33 A. M. mean time. 

Last " 6 46 45 P. M, « " 

First contact 117^, from Tertez, to the east. 
Last « im " " *' west 
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PAET n. 

Sc^&lium^ The correcltom of tho times of contact on account of paral- 
Uxj obtained as aboTe, maj be regarded as very nearly truo. Bat the 
times of oontact obtained for the earth^s centre, and coneequtintlj those for 
a given plaoe^ cannot be depended on os equally correct j as an error of 
three or four seconds in the longitude of the sun or Mercury, may pro- 
duce an error of a minute in iime- 

PEOBLEM XXVL 

Jb eorred ih^ oi^served altitude of a heavenly hod^ on aeeount o/ 

liefracii&n. 

With the gi?en altitude, take the corresponding mean refraetion* from 
table TIT., and subtract H from the altitude. The remainder will be the 
corrected altitude^ very nearly* 

If greater accuracy is desired and the states of the barometer and Fahren- 
heit's thermometer have been obserTed, take from the table j the numbers eor- 
responding to the given altitude^ that are in the two columns following that 
of the mean refraction. Multiply the first of these by the number of inches 
in the height of the barometer^ Ic^ 30, and the second by 50j less the num- 
ber of degrees in the height of the thermometer. The products will be 
the corrections of tho refraction in seconds j depending on the states of the 
barometer and thermometer respectively* Add these, attending to their 
signs, to the mean refraetiottj and the result will be the true refraction ; 
which being subtracted &om the observed altitude, gives the correct altitude. 

EXAMPLES. 
1. The observed altitude of a body being 35*" 25' 35"^ what b its alti- 
tndei oorreeted for mean refraction f 

Observed altitude . , , 35'' 25' 35'^ 
Mean refraction from table , - 1 21J 



Corrected altitude . • 35 24 13.3 

2. The observed altitude of a star, when the barometer stood at 80,5 

inches, and the thermometer, at 62°, was 15^ 6' 30". Required the cor- 
rected altitude. 

M, Refrae. 3' 32.8" Bar. 7'M5; Ther. 0'\422 

Cor. for bar. + 3.0 +5. -^12 

a a ther.-^ 5.1 

+ 3.575 — 5.064 

Truere6sx3. 3 3L3 

♦ The weaa refraction U that wtich cdrreBpouds to ft height ef 30 inehei cf 
the baroniet€!r aaa 50=* of Fnhrcnheit'a thermometer. 
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Obserred aiatode . . 15'' 6' 8(r 

Befn^OB . . S 81.8 



C(»rrected altitude • . 15 2 58.7 

I 

PROBLEM XXVn. 

From (he oUerved aUUude of a $tar, or the under or upper limb of the sun, 
to obtain the true altitude. 

For a star. The obfierred altitude, corrected fbr refiraetioii by the last 
problem, gives the tine altitude of the star. 

For the sun. Correct the obserred altitude for refraction, bj the last 
problem. Find the sun's semidiameter bj Prob. YI., or take it from the 
Nautical Almanac or other ephemeris in which it is given. Then, if the 
lower limb was observed, add the semidiameter to the corrected altitude ; 
but if the observation was on the upper limb, subtract the semidiameter ; 
and the result will be the altitude of the centre, corrected for refraction. 
To this, add the parallax in altitude, taken from table VlU., and the mm 
will be the true altitude. 

SXAMPLES. 

L Suppose the observed altitude of the sun's hwer limb at a certain 
time was 18^ 48' 5"; the barometer standing at 29.7 inches, the thermo- 
meter at 70^, and the sun's semidiameter being 15' 47^.4. Bequired the 
true altitude. 



Observed altitade of lower limb 
Refraction, found by last prob. 


. 18° 


48' 5" 
2 41.1 


Son's semidiameter, add 


18 


45 23.9 
15 47.4 


Son's panllaz in alt from tab. VIU. 


1» 


1 11.3 
8.1 


Traealtitade .... 


. 19 


1 19.4 



2. The observed altitude of the sun's upper limb bemg 21^' T 12^^, the 
barometer 80.3 inches, the thermometer 40^, and the sun's semidiameter 
16' 17".2; required the true altitude. 

Ans. 20<» 48' 28.9". 
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PROBLEM XXYIH, 

Tojind the appartnt right ascemion and dccUnaiion of any of ihs $tiir% in 
l/*€ small cataltfgue^ tab. IX., for a given day. 

1. To find t/ic Yariaiiims in mean right a^ensian and declination, 

Beduco the tnoBths and days of tbe giren time to tLe decimal of a year, 
by means of the sDiiiU table at the foot of the aeeond page of table IX* ^ and 
annexiag it to the years^ find the iDiorval between thi& time and the date 
of the tablo, tnarking the mterval negative when the given time ia prior to 
that datCw Take from the table the annual variatioiajt of the given £jUr, 
and multiplying each by the interval, the products will be the variationa 
of the mean right ascension and declination, reBpcetively* 

2« To find (he Aberrations. 

Find L', the lan's lougitudcj for the given day^ by Prob, TI.^ or take it 
from an epbemerifl, and take from tab. IK^j the value? of f^ log. m, 9^ and 
leg, n^ for the given star. Then 

log, {aUr, m right axeen,} =^ log. m + log. sin (L' + ^), 
log. {aber^ in decQ = log. n -j- log, sin (L' -f e)- 

3. To find the Nutaiiom. 

Find Kj the mean longitude of the moon '3 ascending nqde, for the given 
day, by t^kin^ the enpplement of the node, obtained aa in Prob. X,, from 
12* 0^ T'j or take it from an ephemeris. Talce from tab, IX, , the valnei 
of ^', log, m\ $\ and log. n\ for the given star. Then 

log. (nut. in right oicai.) ^^ log, m' + log. sin (N -|^ /), 
log, (nuL in decL) =^ log, n' -f log. Bin (N -j- fl'}, 

4. Attending to the signs, add to the meim right a^enmon of the star, 
^ven in the table^ the variation, aberration and nutafion in right ascension, 
and the snm will bo the apparent right ascension. In like manner, £nd 
the apparent deoUnation, observing that the declination is regarded ub 
negative when it is souihj sndjioBitiife when it m iiorl4. 
* 

EXAMPLES. 

1. Required the apparent right aacenaion and declination of a BootJa^ 
(^Arcturus^) the 1st of May, 1837 5 the sun's longitude, at that time, being 
40* 52', and the mean longitude of the node 31^ ll\ 
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PROBLEM XXIX. 

To find the Latitude of a place, having given the corrected altitude^ of a 
itar, its apparent right ascennan and declination, and the mean time 
of observalum. ' 

Pind the sidereal time oorreipoiidJog to tlie given mean timcj by Prob^ 
Yll,j or obtain it from an epbemerii* Take tlie difference between this 
time and tbe star's apparent rigbt oscenaian ; and if the difference exceedi 
12 hotirs, subtract it from 24 hours. The result, converted into are^ will 
be the distance of the star from the meridian. Call this distance H, the 
Btar'a apparent declination^ regarded ajjtrmative whether north or aouth, B, 
and the corrected altitude A. Then^ find two arcs B and C^ neither of 
them exceeding 90**, from the formulae. 

log. %Ang B ^ log^ cot D 4- log. coa K, or log. sin (H — 90^) ^hen H exc^jeds 90^. 
log* filn C =£ Ar. Co. log. sin D -|- l<>g- sii^ A ^ log. cos B, 

When Hj the star's distance from tlie meridian^ exoeeds 90^j the Bum 
of B and C, is the latitude of tbe place. When tbe star's declination m 
of the same name with tbe latitude of tbe place and les» than it^ and its 
position at the tinte of obeervation is on the opposite side of the prime 
vertical, from the elevated pole, the supplement of the sum of B and C, is 
the latitude. In all other cases the latitude m equal to the difference 
between B and C. 

Note, The observation should not be made so near the prime vertical 
as to make the side on which the star is situated, doubts. It is alwajra 
best, when convenient^ to make it near tbe meridian ; aa then, a small 
error in the clock or in the longitude of the place^ required in finding the 
sidereal time, produces but very slight influence on the computed latitude. 

Several observations of the altitude and corresponding time should be 
taken, and the latitude be deduced from each. The mean of the^^ that iSj 
their sum divided by their number, may be regarded as more accurate than 
the latitude obtained from a single obsen^ation. The probable accuracy of 
tbe determination will be still further increased^ if, near the same time, 
the latitude be deduced in like manner from observations on a starf on the 
opposite side of the zenithj and the half sum of the two latitudes thus ob- 
tained, be taken for the latitude, (See Art. 183, 1*^ method J) 

♦ Th© altitude may bo taken with » eextant and artificial horizon. For the 
method of ad^j^sting the instrument and rDaking tbe o^jaervation, the sluJent is 
refciT^d to SimMB' am all work on i«stmraeiit3j meatiaaed m a note on page 20. 

I A star whose altitude is within a few degrees of the former, is to be preferred. 
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EXABdPLBS. 



1. Oiven the eonrected altitude of o Ursae Minoris 4:V 83' 21.4''; ob- 
tained from an observation at a place, long. 5h. Im. 15aec. W. and lat. 
about 40** N., on the 26th of Noyember, 1839, at 8h. 34m. 17sec. P. M., 
mean time, to find the latitude ; the apparent right ascension of the star 
being Ih. 2m. 22.63sec., and declination SS'' 27' 89.3" N. 

The sidereal time corresponding to the giyen mean time is found to be 
Oh. 51m. 29.96sec. 

h» m. tee. 

Star's app. right ascen. ..12 22.63 

Sidereal time . . . • . . 51 29.96 

Difference 10 52.67 

H, the star's dist. from merid. . 2° 43' 10" 

P=88**27'39.3"log.cot8.4292440 D Ar. Co. log. sin 0.0001567 

H= 2 43 10 log. co s 9.9995106 A=41^33'21.4"log.8m9.8217434 
B= 1 32 14.5 8.4287546 B= 1 82 14.5 log. cos 9.9998436 

C= 41 83 21.5 log. Bin 9.8217437 
Lat. =40 1 7.0 

2. Oiyen for the same place and same night as in the last example, the 
corrected altitude of jS Ononis, W 29' 36".l, at 12h. 35m. 19sea P. M., 
mean time, to find the latitude; the apparent right ascension of the star 
being 5h. 6m. 52.40sec.; and declination S"* 28' 17".l S. 

Ans. 40^ 0' 54''.9. 

PKOBLEM XXX. 

To find the Latitude of a places having given a series of cxrcHm^meri^Rdn 
aMtudes of a star in the region of the equator, with the timeeof ch$erveh 
tion, and the apparent right ascension and declination of Ae star. 

Let A = the meridian altitude of the star, 

A' = an observed altitude, oorrected for refraction, 
H = the hour angle, which should not exceed 4^, 
D = the star's declination, negative when it is south, 
{ = the assumed latitude of the place. 

Then, putting x = A — A', the value of x may be eomputed hj ikt^ 
following fDrmuhe : 
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X = Bm — B«.« , in which 
^ __ cos ; cos D 



m = 



uid A = 



cos A' ' 

2Bin«JH 
sinl" ' 

2 8in*iH 
sinl" • 



The values of m and » are given in table LXXXL, for values of H to 
17 minutes of time. 

Find the mean time of the star's meridian passage by Problem IX. 
The diferenoes between this time and the times of observation will be the 
hour angles expressed in mean time. ThesCi increased at the rate of one- 
sixth of a second for each minute, will be the required hour angles. Take 
from table LXXXL, the values of m and n for each hour angle. 

Take the mean of the observed altitudes, and correct it for refraction. 
Also, take the means of the values of m and of n; and, using these 
means for J!^ m and n, compute x by the above formula. Add x to the 
mean value of A', and the sum will be A, the meridian altitude of the 
star resulting from the observations. 

To or from tiie complement of A, add or subtract D, according as the 
place is in north or south latitude, and die result will be the latitude 
required. 

Note^ tf the chronometer used is too hst or too slow, its error should 
be added to, or subtracted from the mean time of the star's transit, and 
the result, which will be the chronometer time of transit, should be used 
instead of the mean time. 

Exam. 1. On the 18th of October, 1841, a series of observations were 
made for the determination of the latitude of a place, whose longitude is 
4h. 31m. 7sec. west of <}reenwich, and assumed ktitnde 46^ 53' north. 
The star observed was a Ceti, its right ascension was 2L 54m. 2.88sec. 
aad its declination -f S^ 28' 8".2. The altitudes and times of observation 
aie contained in the first and second columns of the following table. The 
ehronometer used was 4m. 83sec slow of mean time. The indications 
•f the barometer and thermometer were 28.7 inches and 26''.4 respee- 
tivdj. 
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log. m = 1.6974 
Mean OIni. Alt . . 46 84 45.00 log. 008./ = 9.8347 

Befiraction . • . 65.78 ^ " D = 9.9992 

A' = 46 83 49.27 A. C. " " A^ = 0.1627 

X = 49.43 • . log X = 1.6940 

Meridian Alt., A = 46 84 88.7 

90^ — A = 43 25 21.8 

D= + 3 28 8.2 

Besnltmg latitude = 46 53 29.5 

Note. It will be seen by this example; that when the honr angle does 
not exceed 8 or 10 minutes, it is not necessary to compute the value of B^.n. 

Exam. 2. It is required to find the latitude of the High School Obser- 
Tatoiy, Philadelphia, from the following data. The mean of eight observed 
altitudes of a Yirginis, taken April 26th, 1839, was 39<' 48' 52''.6, and 
the times of observation were, lOh. 58m. 3seo., llh. Om. 16*.5, llh. 3m. 
44sec, llh. 6m. 7scc., llh. 8m. 12-.5, llh. 9m. 12*,5, llh. 10m. 30seo., 
and llh. 12m. 58Beo. Barom., 30.0 inches; and therm., 60''.4. The 
right ascension of a Yirginis was 13h. 16m. 45'.38; and its declination, 
' 10^ ly 22".4\ The Greenwich sidereal time at mean noon was 2h. 15m. 
12*47. The chronometer used was 7m. 23'.2 fiist of mean time* An$. 
39** 57' 8".7. 

PROBLEM XXXI. 

&ven the true aUUude of (he tun, obtained from oh$erv<Uton at a given 
placey and the time of obKTvation as indicated by a dockf to find the time, 
and the error of the dock. 

Find the sun's declination for the given time, and subtracting from 90 
when it is of the same name with the latitude of the place, but adding 
when of a contrary name, we have his polar distance. Call the polar dis- 
tance D, the altitude A, the latitude of the place L, and the hour angle or 
distance of the sun from the meridian H. Add the values of A, D, and L 
together, and call the sum S. 

Add together Ar. Co. log sin D, Ar. Co. log cos L, log cos i S, and sin 

log (iS — A) without rejecting any 10 from the index, and taking half 

the sum, it will be log sin iH. When the observation is' made in the 

afternoon, the hour angle H, converted into time, is the apparent time; 

but when it is made in the forenoon, the difference between this interval 

and 12 hours, is the i^parent time. To the apparent time, apply the 

equation of time, and we obtain the mean time. The difference between 

this and the time shown by the clock, is the error of the dock. 
2F 46 
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NotB 1. The observations for finding the time should be made when the 
son is seyeml hours from the meridian ; the nearer the prime Tertkmli iSbA 
better, provided the altitude is not less than 12 or 15^. 

2. The time and error of the clook may be obtained in nearly a similir 
manner; from the corrected altitude of a star. Having found the star's 
apparent right ascension and declination; and computed the hour angle H, 
using the star's polar distance and altitude, add it to the right ascension 
when the observation is made to the west of the meridian; but subtract it 
from the right ascension when the observation is made to the east The 
result will be the sidereal time of the observation. From this, subtract 
the sidereal time found for mean noon of the given day, and converting 
the remainder into mean thne by means of tab. Xt., it will be the mean 
time of the observation. 

Example 1. Given the corrected altitude of tiie sun, 81'' 16' 83.4", 
at a place, long. 6h. Im. ISsec. W., lat. 40° 1' 12" N., on the 25th of 
June, 1842, at 7h. 28m. 50sec. A. M., mean time by the clock, to find the 
time, and the error of the clo(^. The sun's declination found for the time 
shown by the clock, is 23^ 24' 56".0 N. ; which subtrMted from 90**, gives 
D = 66^ 86' 5". 

A = 810 16' 33.4" 

D= 66 35 5.0 At. Co* log. sin 0.0373236 

L = 41 1 12. " " log. cos 0.1223520 



S =138 


52 


50.4 




S= 69 


26 


25.2 


log. 008 9.5455330 


JS — A= 88 


9 


51.8 


log. sin 9.7909321 
2)19.4961407 


JH= 34 


2 


43.1 


log. rin 9.7480703 


H=: 68 


§ 


26.2 
4 




h. 


m. 


•ee. 




4 


82 


21.73 




12 










App. «ine 7 


27 


88.27 A. M. 




Equat. of time -f- 


2 


8.94 found from Nant Aim. 


Kmeofobs. 7 


29 


47.2 A. M. 




Time by clock 7 


28 


50. 





Error 57.2 ; clock too «&>w. 
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PART n. 863 

ExAMPLi 2. At a place in long. 6h. Om. 428eo. W., and lat. 89^ 67' 
8'' N. On the 7th of Septemberi 1888, the following observations were 
made : — ^l^e bj a mean solar olook, llh. 20m. 26*^ ; altitude of a 
Arietis (east of the meridian); 89^ 48' 88"; barom., 80.2 inches; therm.; 
75^. From the Nantical AlmanaC; the right ascension and declination of 
a Arietis were; Ih. 58m. 6«.2 and + 22^^ 41' 65".8 ; and the sidereal time 
at Greenwich mean noon waS; llh. 4m. 28*.07. Beqnired the error of 
the dock. Am. 14m. 48.1sec. toofoxt. 

Example S. The date, place; and instniments being the same as in the 
last example; the observed altitude of o Lyras (west of the meridian) waS; 
88'' 44' 49" and clock time 12h. 10m. 45*.2. The right ascension and 
declination of a Ljrsd were; 18h. 81m. 29*.06 and + SS^' 88' 20".6. 
Beqnired the error of the clock. Am, 14m. 89.9sec. too fast. 

Note, The mean of the results obtained by east and by west observa- 
tions; (like those of the last two examples,) will be nearly independent 
of any error in the instrument used in measuring the altitudes; for, the 
hour angles will be both too great or both too small; and sincC; in one case 
the hour angle is subtracted and in the other added; to obtain the sidereal 
timC; it follows that one of the resulting times will be too great and the 
other too small. 
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TABLE L 


Lofforithmt to four 


decimal figtuftt. 






No. 


Lor. 


D. 


1 


Na 


Log. 


IK 




100 


.0000 


48 
43 
42 
42 
42 
41 
41 








160 


.2041 


27 
27 
27 
26 
27 
26 
26 
26 
26 
25 
26 
25 
25 
25 
25 
25 
25 
24 
26 
24 
24 


27 


101 


.0048 








161 


.2068 




8 


102 


.0086 


48 






162 


.2095 




6 

8 
11 


108 


.0128 


1 


4 






168 


.2122 


104 


.0170 


2 

3 


9 
18 






164 


.2148 




w 26 


106 
106 


.0212 
.0258 


4 
6 
6 


17 
21 
90 


42 
1 4 

% 8 


41 

If ^ 


165 
166 


.2175 
.2201 




16 X 
22 3 


8 

6 
8 


107 


.0294 


40 
40 
40 
89 
89 


7 


80 




18 


167 


.2227 




^ 4 


10 


108 
109 


.0684 
.0874 


8 
9 


84 
89 




17 
21 
26 




8 
12 


168 
169 


.2258 
.2279 


6118 
6'l6 
7,18 


110 
111 


.0414 
.0458 


4 
1 
2 


19 

4 
8 




29 




16 
20 
26 


170 
171 


.2804 
.2380 


25 Sis 


112 
118 


.0492 
.0581 


89 
88 
88 
88 
87 
87 
86 
87 
86 


8 

4 
6 
6 


12 
18 
20 
24 


1 


9 

4 




29 
33 
87 


172 
178 


.2855 
.2880 




6 

7 
10 
12 


114 


.0569 


S 


8 




174 


.2405 




115 
116 
117 


.0607 
.0645 

.0682 




28 
82 
80 


8 

4 
6 

7 


12 
18 
20 
28 

27 




t8 

4 

8 

w 


175 
176 
177 


.2480 
.2455 
.2480 




16 
17 
20 
22 


118 


.0719 


87 


8 


81 




16 


178 


.2604 




119 


.0756 


1 4 


9 


86 




19 


179 


.2529 


24 


120 


.0792 


a 7 

811 


86 




23 

27 


180 


.2553 


1 

2 


2 
6 


121 


.0828 


86 
85 
85 
85 
85 


416 


1 


4 




80 


181 


.2577 


24 
24 
28 
24 
28 


8 


7 


122 
128 
124 
125 


.0864 
.0899 
.0934 
.0969 


618 

84 


2 
8 

4 
6 
6 
7 


7 
U 
14 
16 
22 
26 




84 

8 

7 


182 
188 
184 
185 


.2601 
.2625 
.2648 
J2672 


4U0 
612 
614 
7 17 

^^ «^» 

28 902 


126 


.1004 


84 
84 
84 
83 
84 
88 
88 
82 
82 
82 
82 
82 
81 
81 
81 
81 
80 


1 


8 


8 


29 




10 
14 


186 


.2695 


28 
24 
28 
28 
22 
28 
28 


1 


2 


127 


.1088 


2 


7 


9 


32 




17 


187 


.2718 


2 


6 


128 
129 


.1072 
.1106 


8 
4 

6 


10 
14 
17 


88 




21 
24 

28 


188 
189 


.2742 
.2765 




7 

9 
11 


180 
181 
182 
188 


.1189 
.1178 
.1206 
.1289 


6 

7 

I 


20 
24 
27 
81 


1 
2 
8 

4 
6 


8 
7 
10 
18 
16 




81 

(2 
8 


190 
191 
192 
198 


.2788 
.2810 
.2888 
.2856 




14 
16 
18 
21 


184 


.1271 




?g 




6 
10 


194 


.2878 


22 
22 
28 
22 


5 1 


185 
186 


.1808 
.1885 




IS 

9lao 




13 
16 
19 


195 
196 


.2900 
.2923 


1 

2 
8 




187 


.1867 


81 






22 


197 


.2945 


4 




188* 
189 


.1899 
.1480 




8 
6 
9 






26 
29 


198 
199 


.2967 
.2989 


22 
22 
21 
22 
22 
21 


6 
6 
7 


11 
18 
16 


140 
141 


.1461 
.1492 


12 
16 
19 






200 
201 


.8010 
.8082 


8 
9 


18 
20 


142 


.1628 




22 


80 




202 


.8054 




148 


.1558 




26 




8 




208 


.8075 




144 


.1584 


81 
80 
80 
29 
80 
29 
29 
29 
28 
29 
28 
28 
28 
28 
28 
27 
27 




28 




6 
9 

12 
16 
18 
21 




204 


.8096 


21 
22 
21 
21 
21 
20 
21 
21 
20 
21 
20 
20 
21 
20 
20 
19 
20 




145 
146 


.1614 
.1644 






205 
206 


.8118 
.8189 




1 


147 


.1678 






29 


207 


.8160 




4 


148 


.1708 






24 


1 


8 


208 


.8181 




6 
8 

10 


149 


.1782 




9 


27 


2 


6 


209 


.8201 




150 


.1761 






3 


9 
12 


210 


.8222 




18 

1R 


151 
152 
158 
154 
155 
166 
157 
168 
159 
160 


.1790 
.1818 
.1847 
.1875 
.1908 
.1981 
.1959 
.1987 
.2014 
.2041 


1 

2 
8 

i 

6 
7 
8 
9 


8 

8 
11 
14 
17 
20 
22 
26 


2 
1 

2 
8 

4 
6 
6 
7 
8 
9 


17 

8 
6 
8 
11 
18 
16 
19 
22 
24 




14 
17 
20 
23 
26 


211 
212 
218 
214 
215 
216 
217 
218 
219 
220 


.8248 
.8268 
.8284 
.8804 
.8824 
.8845 
.8865 
.8885 
.8404 
.8424 


10 

il 

^ I 
18 » 
16 
17 


S 

4 
6 
8 
10 
12 
14 
16 
18 
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TABLE L Logarithms to /our decimal figures. 



Na 



Log. 



No. Log. 



No. Log. 



D. 



220 
221 
222 
228 
224 
225 
226 
227 
228 
229 
280 
281 
282 
288 
284 
286 
286 
287 
288 
289 
240 
241 
242 
248 
244 
245 
246 
247 
248 
249 
250 
251 
252 
258 
254 
255 
256 
257 
258 
259 
260 
261 
262 
268 
264 
265 
266 
267 
268 
269 
270 

2n 

272 
278 
274 
275 
276 
277 
278 
279 
280 



.8424 
.8444 
.8464 
.8488 
.8502 
.8522 
.8541 
.8560 
.8579 
.8598 
.8617 
.8686 
.8655 
.8674 
.8692 
.8711 
.8729 
.8747 
.8766 
.8784 
.8802 
.8820 
.8888 
.8856 
.8874 
.8892 
.8909 
.8927 
.8945 
.8962 
.8979 
.8997 
.4014 
.4081 
.4048 
.4065 
.4082 
.4099 
.4116 
.4188 
.4150 
.4166 
.4188 
.4200 
.4216 
.4282 
.4249 
.4265 
.4281 
.4298 
.4814 
.4880 
.4846 
.4862 
.4878 
.4898 
.4409 
.4425 
.4440 
.4456 
.4472 



20 



2 

4 
6 
8 
10 
6|12 
7U 
16 
18 

19 



18 

1 2 

2 4 

3 6 

M 7 
9 



17 

2 
8 
6 
7 
8 
Olio 
12 
14 



U 



16 



15 



2 8 

4 



6 
7 
9 
10 
812 
IS 



280 
281 
282 
288 
284 
285 
286 
287 
288 
289 
290 
291 
292 
298 
294 
295 
296 
297 
298 
299 
800 
801 
802 
808 
804 
805 
806 
807 
808 
809 
810 
811 
812 
818 
814 
815 
816 
817 
818 
819 
820 
821 
822 
828 
824 
825 
826 
827 
828 
829 
880 
881 
882 
888 
884 
885 
886 
887 
888 
889 
840 



.4472 
.4487 
.4502 
.4518 
.4588 
.4548 
.4564 
.4579 
.4594 
.4609 
.4024 
.4689 
.4654 
.4669 
.4688 
.4698 
.4718 
.4728 
.4742 
.4757 
.4771 
.4786 
.4800 
.4814 
.4829 
.4848 
.4857 
.4871 
.4886 
.4900 
.4914 
.4928 
.4942 
.4955 
.4969 
.4988 
.4997 
.5011 
.5024 
.5088 
.5052 
.5065 
.5079 
.5092 
.5105 
.5119 
.5182 
.5145 
.5159 
.5172 
.5185 
.5198 
.5211 
.5224 
.5287 
.5250 
.5268 
.5276 
.5289 
.5802 
.5815 



16 



15 



18 



840 
841 
842 
848 
844 
845 
846 
847 
848 
849 
850 
851 
852 
858 
854 
855 
856 
857 
858 
859 
860 
861 
862 
868 
864 
865 
866 
867 
868 
869 
870 
871 
872 
878 
874 
875 
876 
877 
878 
879 
880 
881 
882 
888 
884 
885 
886 
887 
888 
889 
890 
891 
892 
898 
894 
895 
896 
897 
898 
899 
400 



.5815 
.5828 
.5840 
.5858 
.5466 
.5878 
.5891 
.5408 
.5416 
.5428 
.5441 
.5458 
.5465 
.5478 
.5490 
.5502 
.5514 
.5527 
.5589 
.5551 
.5568 
.5575 
.5587 
.5599 
.5611 
.5628 
.5685 
.5647 
.5658 
.5670 
.5682 
.5694 
.5705 
.5717 
.5729 
.5740 
.5752 
.5768 
.5775 
.5786 
.5798 
.5809 
.5821 
.5882 
.5848 
.5855 
.5866 
.5877 
.5888 
.5899 
.5911 
.5922 
.5988 
.5944 
.5955 
.5966 
.5977 
.6988 
.6999 
.6010 
.6021 



18 
12 
18 
18 
12 
18 
12 
18 
12 
18 
12 
12 
18 
12 
12 
12 
18 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
11 
12 
12 
12 
11 
12 
12 
11 
12 
11 
12 
11 
12 
11 
12 
11 
11 
12 
11 
11 
11 
11 
12 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 



18 

1 
8 
4 
6 
6 
8 
9 
10 



12 
1 
2 
4 
6 
6 
7 
8 
10 
U 



11 
1 
2 
8 

4 
6 
7 
8 
9 
10 
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TABLE I. Logarithms to four decimal figures. 



Na Log. D. 



400; .6021 
401 '.6081 
4021 .6042 
403' .6063 



404 
405 

406 
407 
408 
409 
410 
411 
412 
413 
414 
415 

416 .6191 

417 .6201 

418 .6212 

419 .6222 



.6064 
.6076 
.6086 
.6096 
.6107 
.6117 
.6128 
.6188 
.6149 
.6160 
.6170 
.6180 



420 

421 

422 

423 

424 

425 

426 

42 

428 

429 

430 



.6282 
.6248 
.6268 
.6268 
.6274 
.6284 
.6294 
.6304 
.6314 
.6326 
.6385 



481 .6846 
482. .6855 
488 .6366 



484 
486 
486 
437 
438 
439 
440 
441 
442 
443 
444 
446 



.6376 
.6886 
.6396 
.6406 
.6416 
.6425 
.6486 
.6444 
.6464 
.6464 
.6474 
.6484 



446 .6498 



447 
448 
449 
460 
461 
462 
468 
454 
466 
466 
467 
468 
469 
460 



.6603 
.6613 
.6522 
.6682 
.6642 
.6661 
.6661 
.6571 
.6680 
.6690 
.6699 
.6609 
.6618 
.6628 



No. Log. D. 



460 
461 
462 
468 
464 
466 
466 
467 
468 
469 
470 

471 
472 
478 
474 
476 
476 
477 
478 
479 
480 
481 
482 
488 
484 
486 
486 
487 
488 
489 
490 
491 
492 
498 
494 
496 
496 
497 
498 
499 
500 
501 
502 
508 
604 
505 
506 
507 
508 
509 
510 
511 
512 
518 
614 
615 
516 
617 
618 
619 
520| 



.6628 
.6687 
.6646 
.6656 
•6666 
.6675 
.6684 
.6698 
.6702 
.6712 
.6721 
.6780 
.6789 
.6749 
.6768 
.6767 
.6776 
.6786 
.6794 
.6808 
.6812 
.6821 
.6880 
.6889 
.6848 
.6857 
.6866 
6875 
.6884 



.6902 
.6911 
.6920 
.6928 
.6987 
.6946 
.6956 
.6964 
.6972 
.6981 
.6990 
.6998 
.7007 
.7016 
.7024 
.7088 
.7042 
.7060 
.7059 
.7067 
.7076 
.7084 
.7098 
.710; 
.7110 
.7118 
.7126 
.7186 
.7148 
.7152 
.7160 



No. Log. D. 



620 

521 

522 

528 

524 

525 

526 

52' 

528 

529 

580 

531 

582 

588 

584 

586 

536 

537 

538 

589 

54Q 

541 

542 

548 

544 

545 

546 

547 

548 

549 

550 

651 

652 

558 

554 

655 

566 

567 

568 

559 

660 

561 

562 

568 

564 

565 

566 

567 

668 

669 

570 

571 
572 
573 
674 
576 
676 
677 
678 
679 
680 

47 



.7160 

.7168 

.7177 

.7186 

.7193 

.7202 

.7210 

.7218 

.7226 

.7286 

.7243 

.7251 

.7269 ; 

.7267 



8 
9 
8 
8 
9 
8 
8 
8 
9 
8 
8 
8 

.7275'^ 
.7284r 



.7292' 

.7800 

.7308 

.7816 

.7824 

.7882 

.7840 

.7848 

.7866 

.7864 

.7872 

.7880 

.7888 

.7896 

.7404 

.7412 

.7419 

.7427 

.7486 

.7443 

.7451 

.7459 

.7466 

.7474 

.7482 

.7490 

.7497 

.7606 

.7618 

.7520 

.7528 

.7586 

.7648 

.7661 

.7659| 

.76661^ 

.75741° 

.7682i7 

.7689' 

.76041^ 

.76U'|? 
.7619!' 
.7627^ 
.7634' 



Na Log. D. 



680 
681 
582 
688 
584 
586 
586 
587 
588 
589 
590 
591 
592 
598 
594 
595 
596 
597 
698 
599 
600 
601 
602 
608 
604 
605 
606 
607 
608 
609 
610 
611 
612 
618 
614 
615 
616 
617 
618 
619 
620 
621 
622 
628 
624 
625 
626 
627 
628 
629 
680 
681 
682 
688 
684 
685 
686 
687 
688 
689 
640 



.7684 

.764!2 

.7649 

.766' 

.7664 

.7672 

.7679 

.7686 

.7694 

.7701 

.7709 

.7716 

.7723 

.7731 

.7788 

.7745 

.7752 

.7760 

.7767 

-7774 

.7782 

.7789 

.7796 

.7808 

.7810 

.7818 

.7826 

.7882 

.7889 

.7846 

.7858 

.7860 
.7868 
.7875 
.7882 
.7889 
.7896 
.7908 
.7910 
.7917 
.7924 
.7931 
.7988 
.7946 
.7952 
.7959 
.7966 
.7973 
.7980 
.7987 
.7993 
.8000 
.8007 
.8014 
.8021 
.8028 
.8086 
.8041 
.8048 
.8055 
.8062 



No. 



640 
641 
642 
643 
644 
646 
646 
647 
648 
649 
650 
661 
652 
658 
664 
665 
666 
667 
668 
659 
660 
661 
662 
668 
664 
666 
666 
667 
668 
669 
670 
671 
672 
678 
674 
676 
676 
677 
678 
679 
680 
681 
682 
683 
684 
685 
686 
687 
688 
689 
690 
691 
692 
693 
694 
695 
696 
697 
698 
699 
700 



Logr. p.; 



.8062 
.8069 
.8076 
.8082 



.8096' 
.8102 5 
.8109 ' 
.8116' 
.8122? 
.8129 ' 
.813c'J 
.8142 ; 
.8149' 
.8166' 
.8162, 
.8169|^ 

7 
.8195? 



.81761 
.8182 
.8189 



.8202 

.8209 

.8215 

.8222 

.8228 

.8285 

.8241 

.8248 

.8264 

.8201 

.826f 

.8274 

.8280 

.8287 

.8293 

.8299 

.8806 

.8812 

.8819 

.8826 

.8381 

.8338 

.8844 

.8361 

.8857 

.8368 

.8370 

.8376 

.8382 

.8388 

.8895 

.8401 

.8407 

.8414 

.8420 

.84261; 

.8482 

.8489 

.8445 

.8461 
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TABLE 1. Logarithmsto four decimal figu\ 


nf«. 






No. 


Log. 


D. 


No. 


Log. 


D. 


No. 


.9138 


D. 

5 
6 
5 
6 
6 


No. 


Lof. 


D. 


No. 


Log. [d. 


"700 


.8451 


7" 


760 


.8808 


6 
6 


820 


880 


.9446 


6 
5 
5 


940 


.9731L 
.97361^ 


701 


.8457 


6 
6 

7 
6 
6 


761 


.8814 


821 


.9143 


881 


.9450 


941 


702 


.8463 


762 


.8820 


822 


.9149 


882 


.9465 


942 


.9741 i J 
.97451* 
.975(>i? 
.9754,: 


703 


.8470 


763 


.8825 


5 
6 
6 


823 


.9154 


888 


.9460 


943 


704 


.8476 


764 


.8831 


824 


.9169 


884 


.9465 


4 

t 


944 


705 


.8482 


765 


.8837 


825 


.9165 


885 


.9469 


945 


700 


.8488 


6 
6 
6 
6 
6 


766 


.8842!^ 
.8848^ 
.8854? 


826 


.9170 


5 


886 


.9474 


946 


.9759'^ 
.9768!^ 
.»7»i8 I 


707 


.8494 


767 


827 


.9175!;' 


887 


.9479 


947 


708 


.8500 


768 


828 


.9180;^ 
.91861? 


888 


.9484 


I 

5 
6 
5 
5 
4 
5 


5 
5 
4 
5 
5 
5 


948 


709 


.8506 


769 


.8859 ' 
.8865f 


829 


889 


.9489 


949 


.9773,2 
.9777 : 


710 


.8513 


770 


830 


.9191 



5 
5 


890 


.9494 


950 


711 


.8519 


6 
6 
6 
6 

6 


771 


.88711? 


831 


.9196 


891 


.9499 


951 


.9782^ 


712 


.8525 


772 


.8876hj 
.8882'^ 
.8887!^ 


832 


.9201 


892 


.9504 


952 


.9786 * 
.9791 2 
.9795 ; 
.9800? 


713| .8531 


773 


833 


.92061-^ 
.9212^ 


893 


.9509 


963 


714 


.8537 


774 


834 


894 


.9513 


954 


716 


.8543 


775 


.8893!^ 


835 


.92171^ 


895 


.9518 


955 


716 


.8549 


6 
6 
6 
6 
6 


776 


.8899;? 


836 


.9222? 
.9227;? 
.9232^ 
.9238'^ 

*e243i^ 


896 


.9623 


956 


.9805 ? 
.9809? 


717 


.8555 


777 


.89041'' 
.89107 


837 


897 


.9528 


957 


718 


.8501 


778 


838 


898 


.9633 


958 


.9814!? 


719 


.8567 


779 


.8915 l 
.8921 ^ 


839 


899 


.9638 


959 


.9818* 


720 


.8573 


780 


840 


900 


.9642 


960 


.9823 ^ 
.9827^ 


721 


.8579 


6 
6 
6 
6 
6 


781 


.8927 ^ 
.8932 ^ 
.8938!? 


841 


.92481^ 


901 


.9647 


961 


722 


.8585 


782 


842 


.9253,? 


902 


.9552 


0(i2 


.98.'i2,^ 


728 


.8591 


783 


843 


.9258'' 
.92631^ 
.92691, 


903 


.9557 


5 
4 


963 


.9836r 


724 


.8597 


784 


.8943 



6 


844 


904 


.9562 


964 


.98411? 


725 


.8603 


785 


.8949 


845 


905 


.9566 


965 


.9845'! 


726 


.8609 


6 
6 
6 
6 
6 
6 
6 
6 
6 
6 


786 


.8964 


5 

6 

r 


840 


.9274I? 


906 


.9671 


5 
5 
5 


966 


.9850|? 
.98.>4!l 


727 


.8615 


787 


.8960 


847 


.9279;'^ 


907 


.9570 


967 


728 


.8621 


788 


.8905 


6 


848 


.92841? 


908 


.9581 


968 


.98.59!? 
.9863'* 


729 


.8627 


789 


.8971 


849 


.9289,? 


909 


.9586 



4 


969 


730 


.8633 


790 


.8976 


•y 


850 


.9294;? 


910 


.9590 


970 


.9868 


4 

5 


731 


.8639 


791 


.8982 


6 
5 
6 
5 
6 


851 


.9299!? 


911 


.9695 


5 


971 


.9872 


1 782 


.8645 


792 


.8987 


852 


.93041? 


912 


.9600 


- 


972 


.9877 


4 


733 


.8651 


793 


.8993 


853 


■^rt 


918 


.9605 


4 

5 
6 
5 
4 


973 


.9881 




734 


.8657 


794 


.8998 


854 


914 


.9609 


974 


.9886 


4 


735 


.8663 


795 


.9004 


855 


.9320 


(J 


916 


.9614 


976 


.9890 


4 
5 


736 


.8669 


6 
6 
6 


796 


.9009 


5 
6 


866 


.9825 


5 


916 


.9619 


976 


.9894 


787 


.8675 


797 


.9015 


857 


.9880 


5 


917 


.9624 


977 


.9899 


4 


738 


.8681 


798 


.9020 




858 


.9335 



6 


918 


.9628 


978 


.9903 


5 


739 


.8686 


5 
6 


799 


.9025 




6 


859 


.9840 


919 


.9688 



5 


979 


.9908 


4 


740 


.8692 


800 


.9031 


860 


.9845 


5 


920 


.9688 


980 


.9912 




741 


.8698 


6 
6 
6 
6 
6 
5 
6 
6 
6 
6 


801 


.9086 


6 
6 
6 
6 

c 


861 


.9850 


6 


921 


.9643 


5 
4 
5 
5 
4 
5 
5 
4 


981 


.9917U 


742 


.8704 


802 


.9042 


862 


.9855 




5 
6 
5 
6 

r 


922 


.9647 


982 


.9921 :| 


748 


.8710 


803 


.9047 


868 


.9860 


928 


.9662 


988 


.99261? 
.9980,: 


744! .8716 


804 


.9053 


864 


.9865 


924 


.9667 


984 


745 
746 


.8722 

.8727 


806 
806 


.9058r 
.9063^ 
.9069^ 
.9074^ 
.90791^ 
.9085r 


866 
866 


.9370 
.9875 


926 
926 


.9661 
.9666 


986 
986 


.9934!: 

.99391^ 
.99431* 


747 


.8783 


807 


867 


.93801? 


927 


.9671 


987 


748 


.8739 


808 


868 


.9885 


5 
6 


928 


.9675 


988 


.9948? 
.9952-; 
.9956i* 
.9961;? 


749 


.8745 


809 


869 


.9390 


929 


.9680 



5 
4 


989 


750 


.8761 


810 


870 


.9395 


930 


.9685 


990 


751 


.8766 


5 
6 
6 
(5 


811 


.9090i^ 
.90961^ 


871 


.9400 


6 
5 


981 


.9689 


991 


752 


.8762 


812 


872 


.9405 


9821 .9694 


•3 


992 


.99fi5;* 


753 


.8768 


813 


.91011? 


873 


.9410 


5 
5 


983 .9699 




4 


993 


.9969 u 


754 


.8774 


814 


.9106.;: 

.9112^ 


874 


.9415 


934; .9703 


994 


.9974 ;J 
.9978* 


755 


.8779 


5 


815 


875 


.9420 


5 


935 .9708 





996 


756 


.8785 


6 
6 
6 
6 
6 


816 


.9117? 


876 


.9425 


6 


936 


.9713 


5 
4 
5 
6 
4 


996 


.9983!^ 
.99871! 
.9991k 
.99961^ 
.00001* 


767 


.8791 


817 


.9122;; 
.91281^ 
.9188|^ 


877 


.9480 ? 


987 


.9717 


997 


768 


.8797 


818 


878 


.94351^ 
.94401? 


988 


.9722 


998 


769 


.8802 


819 


879 


989 


.9727 


999 


760 


.8808 


820 


.9138I*' 


880 


.9446^ 


940 .9781 


1000 
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TABLE n. Logarithmic Sines and 


Tangents. 






CO , 


!• 




Sin. 


CotL j Tang. 


Coiang. 


' Bin. 


Cos. 


Tang. 


OoUng. 


c 




o.ooooi 




i 8.2419 


9.9999 


8.2419 


1.7681 


60' 


1 


6.4687 


0.0000] 6.4637 


8.5868 


1 8.2490 


9.9999 


8.2491 


1.7509 


59 


2 


6.7648 


0.0000 6.7648 


8.2352 


8.2561 


9.9999 


8.2562 


1.7438 


68 


8 


6.9408 


0.0000 


6.9408 


3.0592 


8.2630 


9.9999 


8.2631 


1.7869 


57 


4 


7.0668 


0.0000 


7.0658 


2.9342 


8.2699 


9.9999 


8.2700 


1.7800 


66 


5 


7.1627 


0.0000 


7.1627 


2;8378 


8.2766 


9.9999 


8.2767 


1.7288 


66 


6 


7.2419 


0.0000 


7.2419 


2.7581 


8.2882 


9.9999 


8.2838 


1.7167 


64 


7 


7.3088 


0.0000 


7.8088 


2.6912 


8.2898 


9.9999 


8.2899 


1.7101 


53 


8 


7.3608 


O.OOOO; 7.8608 


2.6332 


8.2962 


9.9999 


8.2968 


1.7087 


52 


9 


7.4180 


0.0000 7.4180 


2.5820 


8.3026 


9.99991 6.8026 


1.6974 


51 


10 


7.4687 


O.OOOO! 7.4637 


2.5868 


: 8.8088 


9.9999 8.8089 


1.6911 


50 


11 


7.5051 


O.ooooi 7.6051 


2.4949 


! 8.8150 


9.9999 8.8150 


1.6850 


49 


12 


7.6429 


O.ooooi 7.6429 


2.4571 


8.3210 


9.9999 8.8211 


1.6789 


48 


18 


7.6777 


0.0000 7.5777 


2.4228 


8.3270 


9.9999 8.8271 


1.6729 


47 


14 


7.6099 


0.0000 7.6099 


2.8901 


I 8.8329 


9.9999! 8.8830 


1.6670 


46 


15 


7.6898 


0.0000 7.6898 


2.8602 


8.3388 


9.9999 8.8889 


1.6611 


46 


16 


7.6678 
7.6942 


0.0000 7.6678 


2.8322 


1 8.3445 


9.9999 8.8446 


1.6664 


44 


17 


O.OOOOt 7.6942 


2.3058 


8.3602 


9.9999, 8.8503 


1.0497 


43 


18 


7.7190 


O.OOOo! 7.7190 


2.2810 


8.3658 


9.9999 8.3559 


1.6441 


42 


19 


7.7426 


0.0000, 7.7425 


2.2575 


1 8.3618 


9.9999; 8.8614 


1.6386 


41 


20 


7.7648 


O.OOOOi 7.7648 


2.2852 


8.8668 


9.9999 8.3669 


1.6831 


40 


21 


7.7859 


0.0000' 7.7860 


2.2140 


8.3722 9.9999' 8.8728 


1.6277 


39 


22 


7.8001 


O.OOOO: 7.8062 


2.1988 


8.8775 


9.9999, 8.3776 


1.6224 


88 


28 


7.8255 


O.OOOO; 7.8255 


2.1746 


: 8.3828 


9.9999, 8.8829 


1.6171 


37 


24 


7.8439 


0.0000; 7.8439 


2.1661 


! 8.8880 


9.9999' 8.3881 


1.6119 


36 


26 


7.8617 


0.0000^ 7.8617 


2,1883 


; 8.3931 


9.9999 8.8932 


1.6008 


85 


26 


7.8787 


O.OOOo' 7.8787 


2.1218 


; 8.3982 


9.9999 8.3983 


1.6017 


34 


27 


7.8951 


O.OOOOj 7.8951 


2.1049 


8.4032 


9.9999 8.4088 


1.5967 


38 


28 


7.9109 


0.0000 7.9109 


2.0891 


8.4082 


9.9999I 8.4083 


1.5917 


32 


29 


7.9261 


0.0000 7.9201 


2.0739 


8.4131 


9.9999 8.4132 


1.5808 


31 


30 


7.9408 


0.0000 7.9409 


2.0691 


8.4179 


9.9999 8.4181 


1.5819 


30 


81 


7.9551 


0.0000' 7.9551 


2.0449 


8.4227 


9.9998 8.4229 


1.5771 


29 


82 


7.9689 


0.0000 7.9089 


2.0311 


' 8.4275 


9.9998 8.4276 


1.5724 


28 


83 


7.9822 


0.0000, 7.9823 


2.0177 


, 8.4822 


9.9998 8.4323 


1.5077 


27 


34 


7.9952 


O.OOOOi 7.9952 


2.0048 


j 8.4868 


9.9998, 8.4870 


1.5630 


20 


36 


8.0078 


0.0000 8.0078 


1.9922 


8.4414 


9.9998, 8.4416 


1.5584 


25 


36 


8.0200 


0.0000 8.0200 


1.9800 


8.4459 


9.9998 


8.4461 


1.6639 


24 


37 


8.0319 


0.0000 8.0319 


1.9681 


8.4504 


9.9998 


8.4506 


1.5494 


23 


38 


8.0435 


0.0000 8.0435 


1.9565 


8.4549 


9.9998 


8.4651 


1.6449 


22 


39 


8.0548 


0.0000, 8.0548 


1.9452 


8.4598 


9.9998 


8.4595 


1.6405 


21 


40 


8.0658 


0.0000 


8.0658 


1.9342 


; 8.4637 


9.9998! 8.4688 


1.5362 


20 


41 


8.0705 


0.0000 


8.0765 


1.9236 


1 8.4680 


9.9998 8.4682 


1.5818 


19 


42 


8.0870 


0.0000' 8.0870 


1.9130 


1 8.4723 


9.9998 8.4726 


1.5275 


18 


43 


8.0972 


0.0000 8.0972 


1.9028 


8.4765 


9.9998 


8.4767 


1.5233 


17 


44 


8.1072 


O.ooooi 8.1072 


1.8928 


8.4807 


9.9998 


8.4809 


1.6191 


16 


46 


8.1169 


0.0000 8.1170 


1.8830 


8.4848 


9.9998 


8.4861 


1.5149 


16 


46 


8.1265 


O.ooooi 8.1205 


1.8735 


8.4890 


9.9998 


8.4892 


1.6108 


14 


47 


8.1358 


O.OOOO; 8.1359 


1.8641 


! 8.4930 


9.9998 


8.4933 


1.6007 


13 


48 


8.1450 


0.0000 8.1450 


1.8550 


8.4971 


9.9998 


8.4978 


1.6027 


12 


49 


8.1539 


0.0000 8.1540 


1.8460 


8.6011 


9.9998 


8.6018 


1.4987 


11 


60 


8.1627 


0.0000 8.1027 


1.8378 


8.6050 


9.9998 


8.5068 


1.4947 


10 


61 


8.1713 


0.0000 


8.1713 


1.8287 


8.5090 


9.9998 


8.5092 


1.4908 


9 


62 


8.1797 


0.0000 


8.1798 


1.8202 


8.5129 


9.9998 


8.5131 


1.4809 


8 


63 


8.1880 


9.9999 


8.1880 


1.8120 


8.6167 


9.9998 


8.6170 


1.4830 


7 


64 


8.1901 


9.9999 


8.1962 


1.8088 


8.5206 


9.9998 


8.5208 


1.4792 





66 


8.2041 


9.9999 8.2041 


1.7959 


8.6243 


9.9998 


8.6246 


1.4754 


6 


66 


8.2119 


9.9909 8.2120 


1.7880 


8.6281 


9.9998 


8.5288 


1.4717 


4 


67 


8.2196 


9.9999 8.2196 


1.7804 


8.6818 


9.9997 


8.5321 


1.4079 


8 


68 


8.2271 


9.9999 8.2272 


1.7728 


8.6856 


9.9997 


8.6858 


1.4042 


2 


69 


8.2346 


9.9999 8.2346 


1.7054 


8.6892 


9.9997 


8.5394 


1.4606 


1 


60 


8.2419 


9.9999 8.2419 


1.7581 


8.6428 


9.9997 


8.6431 


1.4669 







Cos. 


Sm. CJoteng. 


Tang. 


Cos, 


Sin. 


CoUng. 


Tang. 


DOS 


r 


soo 
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TABLE n. Logarithmic Sines and 


Tangents, 






40 


1 




5» 




Sin. 


Co«. 


Tang. 


Cotang. 


Sin. 


Cos. 


Tang. 


OoUng. 


0' 


8.8436 


9.9989 


8.8446 


1.1554 


8.9403 


9.9983 


8.9420 


1.0580 


60' 


1 


8.8454 


9.9989 


8.8465 


1.1535 


8.9417 


9.9983 


8.9484 


1.0666 


69 


2 


8.8472 


9.9989 


8.8483 


1.1517 


8.9432 


9.9983 


8.9449 


1.0651 


68 


3 


8.8490 


9.9989 


8.8501 


1.1499 


8.9446 


9.9983 


8.9468 


1.0637 


67 


4 


8.8508 


9.9989 


8.8518 


1.1482 


8.9460 


9.9983 


8.9477 


1.0523 


66 


5 


8.8525 


9.9989 


8.8536 


1.1464 


8.9475 


9.9983 


8.9492 


1.0508 


^6 


6 


8.8543 


9.9989 


8.8554 


1.1446 


8.9489 


9.9983 


8.9500 


1.0494 


64 


7 


8.85C0 


9.9989 


8.8572 


1.1428 


8.9503 


9.9983 


8.9520 


1.0480 


68 


8 


8.8578 


9.9989 


8.8589 


1.1411 


8.9517 


9.9983 


8.9584 


1.0466 


62 


9 


8.8595 


9.9989 


8.8607 


1.1393 


8.9631 


9.9982 


8.9549 


1.0451 


61 


ID 


8.8613 


9.9989 


8.8624 


1.1376 


8.9646 


9.9982 


8.9563 


1.0437 


60 


U 


8.8630 


9.9988 


8.8642 


1.1858 


8.9559 


9.9082 


8.9577 


1.0423 


49 


12 


8.8647 


9.9988 


8.8659 


1.1341 


8.9573 


9.9982 


8.9591 


1.0409 


48 


13 


8.8665 


9.9988 


8.8676 


1.1324 


8.9687 


9.9982 


8.9606 


1.0395 


47 


14 


8.8682 


9.9988 


8.8694 


1.1306 


8.9601 


9.9982 


8.9619 


1.0381 


46 


15 


8.8699 


9.9988 


8.8711 


1.1289 


8.9614 


9.9982 


8.9683 


1.0367 


46 


16 


8.8716 


9.9988 


8.8728 


1.1272 


8.9628 


9.9982 


8.9646 


1.0864 


44 


17 


8.8733 


9.9988 


8.8746 


1.1256 


8.9642 


9.9982 


8.9660 


1.0840 


48 


18 


8.8749 


9.9988 


8.8762 


1.1238 


8.9665 


9.9981 


8.9674 


1.0326 


42 


19 


8.8766 


9.9988 


8.8778 


1.1222 


8.9669 


9.9981 


8.9688 


1.0812 


41 


20 


8.8783 


9.9988 


8.8795 


1.1206 


8.9682 


9.9981 


8.9701 


1.0299 


40 


21 


8.8799 


9.9987 


8.8812 


1.1188 


8.9696 


9.9981 


8.9716 


1.0285 


89 


22 


8.8816 


9.9987 


8.8829 


1.1171 


8.9709 


9.9981 


8.9729 


1.0271 


88 


23 


8.8833 


9.9987 


8.8845 


1.1166 


8.9723 


9.9981 


8.9742 


1.0258 


37 


24 


8.8849 


9.9987 


8.8862 


1.1188 


a9736 


9.9981 


8.9756 


1.0244 


36 


25 


8.8865 


9.9987 


8.8878 


1.1122 


8.9760 


9.9981 


8.9769 


1.0231 


36 


26 


8.8882 


9.9987 


8.8896 


1.1106 


8.9763 


9.9980 


8.9782 


1.0218 


34 


27 


8.8898 


9.9987 


8.8911 


1.1089 


8.9776 


9.9980 


8.9796 


1.0204 


33 


28 


8.8914 


9.9987 


8.8927 


1.1078 


8.9789 


9.9980 


8.9809 


1.0191 


32 


29 


8.8930 


9.9987 


8.8944 


1.1056 


8.9803 


9.9980 


8.9828 


1.0177 


31 


30 


8.8946 


9.9087 


8.8960 


1.1040 


8.9816 


9.9980 


8.9886 


1.0164 


30 


81 


8.8962 


9.9986 


8.8976 


1.1024 


8.9829 


9.9980 


8.9849 


1.0151 


29 


32 


8.8978 


9.9986 


8.8992 


1.1008 


8.9842 


9.9980 


8.9862 


1.0138 


28 


33 


8.8994 


9.9986 


8.9008 


1.0992 


8.9856 


9.9980 


8.9875 


1.0125 


27 


84 


8.9010 


9.9986 


8.9024 


1.0976 


8.9868 


9.9979 


8.9888 


1.0112 


26 


35 


8.9026 


9.9986 


a9040 


1.0960 


8.9881 


9.9979 


8.9901 


1.0099 


26 


36 


8.9042 


9.9986 


8.9056 


1.0944 


8.9894 


9.9979 


8.9915 


1.0085 


24 


37 


8.9057 


9.9986 


8.9071 


1.0929 


8.9907 


9.9979 


8.9928 


1.0072 


28 


38 


8.9073 


9.9986 


8.9087 


1.0918 


8.9919 


9.9979 


8.9940 


1.0060 


22 


39 


8.9089 


9.9986 


8.9103 


1.0897 


8.9932 


9.9979 


8.9953 


1.0047 


21 


40 


8.9104 


9.9986 


8.9118 


1.0882 


8.9945 


9.9979 


8.9966 


1.0034 


20 


41 


8.9119 


9.9985 


8.9134 


1.0866 


8.9958 


9.9979 


8.9979 


1.0021 


19 


42 


8.9185i 9 9985 


8.9150 


1.0850 


8.9970 


9.9978 


8.9992 


1.0008 


18 


43 


8.9150 


9.9985 


8.9165 


1.0836 


8.9983 


9.9978 


9.0005 


0.9995 


17 


44 


8.9166 


9.9985 


8.9180 


1.0820 


8.9996 


9.9978 


9.0017 


0.9983 


16 


45 


8.9181 


9.9985 


8.9196 


1.0804 


9.0008 


9.9978 


9.0080 


0.9970 


16 


46 


8.9196 


9.9985 


8.9211 


1.0789 


9.0021 


9.9978 


9.0043 


0.9967 


14 


47- 


8.9211 


9.9985 


8.9226 


1.0774 


9.0083 


9.9978 


9.0055 


0.9945 


18 


48 


8.9226 


9.9985 


8.9241 


1.0759 


9.0046 


9.9978 


9.0068 


0.9932 


12 


49 


8.9241 


9.9985 


8.9250 


1.0744 


9.0058 


9.9978 


9.0080 


0.9920 


11 


50 


8.9256 


9.9985 


8.9272 


1.0728 


9.0070 


9.9977 


9.0093 


0.9907 


10 


51 


8.9271 


9.9984 


a9287 


1.0718 


9.0088 


9.9977 


9.0106 


0.9895 


9 


52 


8.9286 


9.9984 


8.9302 


1.0698 


9.0096 


9.9977 


9.0118 


0.9882 


8 


53 


8.9301 


9.9984 


8.9816 


1.0684 


9.0107 


9.9977 


9.0130 


0.9870 


7 


54 


8.9315 


9.9984 


8.9331 


1.0660 


9.0120 


9.9977 


9.0143 


0.9857 


6 


55 


8.9330 


9.99ai 


8.9346 


1.0654 


9.0132 


9.9977 


9.0155 


0.9845 


5 


56 


8.9345 


9.0984 


8.9861 


1.0639 


9.0144 


9.9977 


9.0167 


0.9833 


4 


57 


8.9369 


9.9984 


8.9876 


1.0624 


9.0166 


9.9977 


9.0180 


0.9820 


8 


58 


8.9374 


9.9984 


8.9390 


1.0610 


9.0168 


9.9976 


9.0192 


0.9808 


2 


59 


8.9388 


9.9984 


8.9405 


1.0595 


9.0180 


9.9976 


9.0204 


0.979G 


1 


60 


8.9403 


9.9983 


8.9420 


1.0580 


9.0192 


9.9976 


9.0216 


0.9784 







Cm. 


Sin. 


CoUng. 


Tang. 


Cm. 


Sin. 


•CoUng. 


Tang. 


OOC 




S90 1 


840 


V_/ v_/^ 



le 



) 


TABLE n. Logarithmic Sines and 


Tangents 




c 


60 1 


7- 




Sin. 


Cob. 


Tang. 


CoUng. 


Sin. 
9.0859 


Cot. 


T«ig. 


Cotang. 


Tom 


9.9976 


9.0216 


0.9784 


9.9968 


9.0891 


0.9109 


60' 


1 


9.0204 


9.9976 


9.0228 


0.9772 


9.0869 


9.9967 


9.0902 


0.9098 


69 


2 


9.0216 


9.9976 


9.0240 


0.9760 , 9.0879 


9.9967 


9.0912 


0.9088 


68 


8 


9.0228 


9.9976 


9.0258 


0.9747 , 9.0890 


9.9967 


9.0928 


0.9077 


67 


4 


9.0240 


9.9976 


9.0266 


0.9785 


9.0900 


9.9967 


9.0983 


0.9067 


66 


6 


9.0252 


9.9975 


9.0277 


0.9728 


9.0910 


9.9967 


9.0943 


0.9057 


66 


6 


9.0264 


9.9976 


9.0289 


0.9711 


9.0920 


9.9967 


9.0954 


0.9046 


64 


7 


9.0276 


9.9976 


9.0800 


0.9700 


9.0980 


9.9966 


9.0964 


0.9036 


63 


8 


9.0287 


9.9975 


9.0812 


0.9688 


9.0940 


9.9966 


9.0974 


0.9026 


62 


9 


9.0299 


9.9975 


9.0824 


0.9676 


9.0951 


9.9966 


9.0984 


0.9016 


51 


10 


9.0811 


9.9975 


9.0886 


0.9664 


9.0961 


9.9966 


9.0995 


0.9005 


50 


11 


9.0323 


9.9975 


9.0848 


0.9662 


i 9.0971 


9.996ft 


9.1005 


0.8995 


49 


12 


9.0334 


9.9975 


9.0860 


0.9640 


9.0981 


9.9966 


9.1015 


0.8985 


48 


13 


9.0346 


9.9974 


9.0871 


0.9629 


9.0991 


9.9966 


9.1025 


0.8976 


47 


14 


9.0857 


9.9974 


9.0888 


0.9617 


9.1001 


9.9965 


9.1085 


0.8966 


46 


16 


9.0369 


9.9974 


9.0396 


0.9605 


9.1011 


9.9965 


9.1045 


0.8955 


45 


IG 


9.0880 


9.9974 


9.0407 


0.9593 


9.1020 


9.9965 


9.1055 


a8946 


44 


17 


9.0892 


9.9974 


9.0418 


0.9582 


9.1030 


9.9965 


9.1066 


0.8934 


48 


18 


9.0408 


9.9974 


9.0480 


0.9570 


9.1040 


9.9965 


9.1076 


0.8924 


42 


19 


9.0415 


9.9974 9.0441 


0.9559 


9.1050 


9.9964 


9.1086 


0.8914 


41 


20 


9.0426 


9.9973 9.0453 


0.9647 


9.1060 


9.9964 


9.1096 


0.8904 


40 


21 


9.0488 


9.9973 9.0464 


0.9686 


9.1070 


9.9964 


9.1106 


0.8894 


89 


^2 


9.0449 


9.9978 9.0476 


0.9524 


j 9.1080 


9.9964 


9.1116 


0.8884 


38 


23 


9.0460 


9.9978] 9.0487 


0.9518 


' 9.1089 


9.9964 


9.1125 


0.8876 


87 


24 


9.0472 


9.9978| 9.0499 


0.9501 


9.1099 


9.9964 


9.1135 


0.8865 


86 


25 


9.0483 


9.9973 


9.0610 


0.9490 


9.1109 


9.9964 


9.1146 


0.8865 


85 


26 


9.0494 


9.9973 


9.0621 


0.9479 


9.1118 


9.9968 


9.1165 


0.8845 


84 


27 


9.0605 


9.9972 


9.0688 


0.9467 


9.1128 


9.9968, 9.1166 


0.8886 


83 


28 


9.0516 


9.9972' 9.0644 


0.9466 


9.1188 


9.9968 9.1176 


0.8825 82 1 


29 


9.0527 


9.9972! 9.0565 0.9445 


9.1147 


9.9968 9.1185 


0.8816 


81 


30 


9.0589 


9.9972 9.0567 0.9438 


9.1157 


9.9963| 9.1194 


0.8806 


SO 


31 


9.0550 


9.9972 9.0678 0.9422 


9.1167 


9.9963 9.1204 


0.8796 


29 


32 


9.0661 


9.9972; 9.0689 0.9411 


9.1176 


9.9962 9.1214 


0.8786 


28 


83 


9.0572 


9.9972 9.0600 0.9400 


9.1186 


9.9962 9.1223 


0.8777 


27 


34 


9.0683 


9.9971! 9.061 1| 0.9889 


9.1196 


9.9962 9.1233 


0.8767 


26 


85 


9.0694 


9.9971 


9.0622; 0.9878 


9.1205 


9.9962 9.1243 


0.8767 


26 


36 


9.0605 


9.9971 


9.0688 


0.9867 


9.1214 


9.9962 9.1252 


0.8748 


24 


37 


9.0616 


9.9971 


9.0645 


0.9855 


9.1224 


9.9962 9.1262 


0.8788 28 


38 


9.0626 


9.9971 


9.0656 


0.9844 


9.1283 


9.9961 9.1272 


0.8728, 22 


39 


9.0637 


9.9971 


9.0667 


0.9888 


9.1242 


9.9961 9.1281 


0.8719 21 


40 


9.0648 


9.9971 


9.0678 


0.9322 


9.1262 


9.9961 9.1291 


0.8709 20 


41 


9.0659 


9.9970 


9.0688 


0.9812 


9.1261 


9.9961 9.1300 


0.8700| 19 


42 


9.0670 


9.9970 


9.0699 


0.9301 


9.1271 


9.9961 9.1310 


0.8690, 18 


43 


9.0680 


9.9970 


9.0710; 0.9290 


9.1280 


9.9900 9.1819 


0.8681 


17 


44 


9.0691 


9.9970 


9.0721 0.9279 


' 9.1289 


9.9960| 9.1829 


0.8671 


16 


45 


9.0702 


9.9970 9.0782! 0.9268 


1 9.1299 


9.9960; 9.1838 


0.8662 16 


46 


9.0712 


9.9970 9.07481 0.9257 ' 9.1308 


9.9900 9.1348 


0.8652! 14 


47 


9.0723 


9.9969J 9.0754; 0.9246 'j 9.18171 9.9960| 9.1357 


0.86431 13 


48 


9.0734 


9.99691 9.0764 0.9236 9.1326 


9.9960. 9.1867 


0.8638. 12 


49 


9.0744 


9.9969 9.0775' 0.9225 


1 9.1336 


9.99591 9.1376 


0.8624! 11 


50 


9.0755 


9.9969 9.0786j 0.9214 


9.1845 


9.9959! 9.1386 


0.8616 10 


51 


9.0765 


9.9969 9.0796 0.9204 


9.1354 


9.9959! 9.1896 


0.8606 9 


52 


9.0776 


9.9969 9.08071 0.9193 


] 9.1363 


9.9959' 9.1404 


0.8596 


8 


68 


9.0786 


9.9969 9.O8I81 0.9182 


' 9.1372 


9.9969, 9.1418 


0.8587 


7 


54 


9.0797 


9.9968 9.0828! 0.9172 


i 9.1381 


9.99591 9.1423 


0.8577 


6 


55 


9.0807 


9.99G8 9.0839| 0.9161 


j 9.1890 


9.9958 9.1432 


0.8568 6 1 


50 


9.0818 


9.9968 9.0849,! 0.9151 


1 9.1399 


9.9958 9.1441 


0.8559 


4 


57 


9.0828 


9.9968 9.O86O! 0.9140 


, 9.1409 


9.9958; 9.145<; 


0.8550 


3 


58 


9.0838 


9.9968 9.0871 0.9129 |, 9.1418 


9.99581 9.1460 


0.8540 


2 


69 


9.0849 


9.9968| 9.0881 


0.9119 || 9.14:^7 


9.9958 9.1469 


0.8581 


1 


1 60 


9.0859 


9.9968 9.0891 


0.9109 ! 9.1436 


9.9908 9.1478 


0.8622 





Cos. 


Sin. Cotnng. 


Tang. 


Cog. 


Sin. j CoUng. 


Tang. 


ygie 


1 


63» 1 


gjj^gitized byVJ\^V 





TABLE 11. LogaritJimic Sints and Tangents. 


1 






8» i 







- 




RIn. 


Con. 1 Tani;. 


CotAtitr. t 


8ln. 


Cos. 


Tanj?. 


CoUng. 


0' 


9.1436 


9.9958 9.1478 


0.8522 i 


9.1943 


9.9946 


9.1997 


0.8003 


60' 


1 


9.1445 


9.9957 9.1487 


0.8513 
0.8504 


9.1951 


9.9946 


9.2005 


0.7995 


69 


2 


9.1453 


9.9967 9.1496 


9.1959 


9.9946 


9.2013 


0.7987 


58 


8 


9.1462 


9.9957 9.1505 


0.8495 


9.1967 


9.9946 


9.2022 


0.7978 


57 


4 


9.1471 


9.9957 9.1515 


0.8485 


9.1975 


9.9946 


9.2030 


0.7970 


56 


5 


9.1480 


9.9957 


9.1524 


0.8476 I 9.1988 


9.9945 


9.2038 


0.7962 


66 


6 


9.1489 


9.9956 


9.1583 


0.8467 


9.1991 


9.9945 


9.2046 


0.7954 


64 


7 


9.1498 


9.9956 


9.1542 


0.8458 


9.1999 


9.9945 


9.2054 


0.7946 


53 


8 


9.1507 


9.9956 


9.1651 


0.8449 


9.2007 


9.9945 


9.2062 


0.7938 


52 


9 


9.1616 


9.9956 


9.1560 


0.8440 


9.2015 


9.9944 


9.2070 


0.7930 


51 


10 


9.1525 


9.9966 


9.1569 


0.8431 


9.2022 


9.9944 


9.2078 


0.7922 


50 


11 


9.1533 


9.9956 


9.1578 


0.8422 


9.2080 


9.9944 


9.2086 


0.7914 


49 


12 


9.1542 


9.9955 


9.1587 


0.8413 


9.2038 


9.9944 


9.2094 


0.7906 


48 


13 


9.1551 


9.9955 


9.1596 


0.8404 


9.2046 


9.9944 


9.2102 


0.7898 


47 


14 


9.1560 


9.9955 


9.1605 


0.8395 


9.2054 


9.9943 


9.2110 


0.7890 


46 


15 


9.1568 


9.9955 


9.1618 


0.8387 


9.2061 


9.9943 


9.2118 


0.7882 


45 


16 


9.15n 


9.9955 


9.1622 


0.8378 


9.2069 


9.9943 


9.2126 


0.7874 


44 


17 


9.1586 


9.9964 


9.1681 


0.8369 


9.2077 


9.9943 


9.2134 


0.7866 


48 


18 


9.1594 


9.9954 


9.1640 


0.8360 


9.2085 


9.9943 


9.2142 


0.7858 


42 


19 


9.1603 


9.9954 


9.1649 


0.8351 


9.2092 


9.9942 


9.2150 


0.7850 


41 


20 


9.1612 


9.9954 


9.1658 


0.8342 


9.2100 


9.9942 


9.2168 


0.7842 


40 


21 


9.1620 


9.9954 


9.1667 


0.8883 


9.2108 


9.9942 


9.2166 


0.7834 


89 


22 


9.1629 


9.9954 


9.1675 


0.8325 


9.2115 


9.9942 


9.2174 


0.7826 


38 


23 


9.1687 


9.9953 


9.1684 


0.8316 


9.2123 


9.9941 


9.2181 


0.7819 


37 


24 


9.1646 


9.9953 


9.1693 


0.8307 


9.2131 


9.9941 


9.2189 


0.7811 


36 


2o 


9.1665 


9.9953 


9.1702 


0.8298 


9.2188 


9.9941 


9.2197 


0.7803 


36 


26 


9.1663 


9.9953 


9.1710 


0.8290 


9.2146 


9.9941 


9.2205 


0.7795 


34 


27 


9.1672 


9.9953 


9.1719 


0.8281 


9.2168 


9.9941 


9.2213 


0.7787 


33 


28 


51.1680 


9.9952 


9.1728 


0.8272 


9.2161 


9.9940 


9.2221 


0.7779 


32 


29 


9.1689 


9.9952 


9.1736 


0.8264 


9.2169 


9.9940 


9.2228 


0.7772 


31 


80 


9.1697 


9.9952 


9.1745 


0.8255 


9.2176 


9.9940 


9.2286 


0.7764 


30 


31 


9.1705 


9.9952 


9.1754 


0.8246 


9.2184 


9.9940 


9.2244 


0.7750 


29 


82 


9.1714 


9.9952 


9.1762 


0.8238 


9.2191 


9.9940 


9.2252 


0.7748 


28 


83 


9.1722 


9.9951 


9.1771 


0.8229 


9.2199 


9.9939 


9.2259 


0.7741 


27 


84 


9.1731 


9.9951 


9.1779 


0.8221 


9.2206 


9.9939 


9.2267 


0.7733 


26 


85 


9.1739 


9.9961 


9.1788 


0.8212 


9.2214 


9.9989 


9.2275 


0.7726 


26 


86 


9.1747 


9.9951 


9.1797 


0.8203 


9.2221 


9.9939 


9.2282 


0.7718 


24 


37 


9.1756 


9.9951 


9.1805 


0.8195 


9.2229 


9.9939 


9.2290 


0.7710 


23 


88 


9.1764 


9.9951 


9.1814 


0.8186 


9.2236 


9.9938 


9.2298 


0.7702 


22 


89 


9.1772 


9.9950 


9.1822 


0.8178 


9.2243 


9.9938 


9.2305 


0.7695 


21 


40 


9.1781 


9.9950 


9.1831 


0.8169 


9.2251 


9.9938 


9.2313 


0.7687 


20 


41 


9.1789 


9.9950 


9.1889 


0.8161 


9.2258 


9.9938 


9.2321 


0.7679 


19 


42 


9.1797 


9.9950 


9.1848 


0.8152 


9.2266 


9.9937 


9.2828 


0.7672 


18 


43 


9.1806 


9.9950 


9.1856 


0.8144 


1 9.2273 


9.9937 


9.2336 


0.7664 


17 


44 


9.1814 


9.9949 


9.1864 


0.8136 


9.2280 


9.9937 


9.2343 


0.7657 


16 


45 


9.1822 


9.9949 


9.1873 


0.8127 


9.2288 


9.9937 


9.2351 


0.7649 


16 


46 


9.1880 


9.9949 


9.1881 


0.8119 


1 9.2295 


9.9937 


9.2.359 


0.7641 


14 


47 


9.1888 


9.9949 


9.1890 


0.8110 


9.2303 


9.9936 


9.2366 


0.7634 


13 


48 


9.1847 


9.9949 


9.1898 


0.8102 


9.2310 


9.9936 


9.2374 


0.7626 


12 


49 


9.1855 


9.9948 


9.1906 


0.8094 


9.2317 


9.9936 


9.2381 


0.7619 


11 


60 


9.1868 


9.9948 


9.1915 


0.8085 


9.2324 


9.9936 


9.2389 


0.7611 


10 


61 


9.1871 


9.9948 


9.1923 


0.8077 


9.2332 


9.9936 


9.2396 


0.7604 


9 


62 


9.1879 


9.9948 


9.1931 


0.8069 


9.2339 


9.9935 


9.2404 


0.7596 


8 


53 


9.1887 


9.9948 


9.1940 


0.8060 


9.2346 


9.9935 


9.2411 


0.7589 


7 


54 


9.1895 


9.9947 


9.1948 


0.8052 


9.2353 


9.9935 


9.2419 


0.7581 


6 


65 


9.1903 


9.9947 


9.1956 


0.8044 


9.2361 


9.9936 


9.2426 


0.7574 


6 


56 


9.1911 


9.9947 


9.1964 


0.8036 


1 9.2368 


9.9934 


9.2434 


0.7666 


4 


57 


9.1919 


9.9947 


9.19731 0.8027 


i 9.2375 


9.9934 


9.2441 


0.7559 


8 


5S 


9.1927 


9.9047] 9.1081 1 0.8019 


9. 2082 


9.9934 


9.2448 


0.7552 


2 


o'J 


9.1935 


9.9946 9.ir.80l 0.8011 


i 9.2390 


9.9934 


9.2456 


0.7544 


1 


60 


0.1943 


9.994G| 9.1907| 0.8003 


, 9.2397 


9.9934 


9.2463 


0.7537 







Co*. 


Sin. 1 Colanp. | Tang. 


1 Con. 


8in. 


1 Cotang. 


1 Tang. 


►OS 


81« 


i SO® digitized by V^jC 



le 



12 
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TABliP) II. LogantJimic Sines and Tanjents, 








lO' 






11° 










Sin. 


Cob. 


Tan J?. 
9.2463 


CvUUii. , 


Sin. 


Co*. 


TaDR. 


CoUdk. 




0' 


9.2397 


9.9934 


0.7537 1 


"9.2806 


9.9919 


9.2887 


0.7113, iiO' 




1 


9.2404 


9.9933 


9.2471 


0.7529 i 


9.2812 


9.9919 


9.2893 


0.71071 59 




2 


9.2411 


9.9933 


9.2478 


0.7522 


9.2819 


9.9919 


9.2900 


0.7100 58 




8 


9.2418 


9.9933 


9.2485 


0.7515 


9.2825 


9.9919 


9.2907 


0.7093 57 




4 


9.2425 


9.9933 


9.2493 


0.7507 


9.2832 


9.9918 


9.2918 


0.70871 50 




6 


9.2432 


9.9932 


9.2500 


0.7500 


9.2838 


9.9918 


9.2920 


0.7080, 55 




6 


9.2439 


9.9932 


9.2507 


0.7493 


9.2845 


9.9918 


9.2927 


0.7073: 54 




7 


9.2447 


9.9932 


9.2515 


0.7485 


9.2851 


9.9918 


9.2934 


0.7066 63 




8 


9.2454 


9.9932 


9.2522 


0.7478 


9.2858 


9.9917 


9.2940 


0.7060 


52 




9 


9.2461 


9.9931 


9.2529 


0.7471 


9.2864 


9.9917 


9.2947 


0.7053 


61 




10 


9.2468 


9.9931 


9.2536 


0.7464 


9.2870 


9.9917 


9.2958 


0.7047 


60 




11 


9.2475 


9.9981 


9.2544 


0.7456 


9.2877 


9.9917 


9.2960 


0.7040 


49 




12 


9.2482 


9.9931 


9.2551 


0.7449 


9.2888 


9.9916 


9.2967 


0.7033 


48 




18 


9.2489 


9.9931 


9.2558 


0.7442 


9.2890 


9.9916 


9.2973 


0.7027 


47 




14 


9.2496 


9.9930 


9.2565 


0.7435 


9.2896 


9.9916 


9.2980 


0.7020 


46 




15 


9.2503 


9.9930 


9.2573 


0.7427 


9.2902 


9.9916 


9.2987 


0.7013 


45 




16 


9.2510 


9.9930 


9.2580 


0.7420 


9.2909 


9.9915 


9.2998 


0.7007 


44 




17 


9.2517 


9.9930 


9.2587 


0.7413 


9.2915 


9.9915 


9.3000 


0.7000 


48 




18 


9.2524 


9.9920 


9.2594 


0.7406 


9.2921 


9.9915 


9.3006 


0.6994 


42 




19 


9.2531 


9.9929 


9.2601 


0.7399 


9.2928 


9.9915 


9.3018 


0.6987 


41 




20 


9.2538 


9.9929 


9.2609 


0.7391 


9.2934 


9.9914 


9.8020 


0.6980 


40 




21 


9.2545 


9.9929 


9.2616 


0.7384 


9.2940 


9.9914 


9.3026 


0.6974 


89 




22 


9.2551 


9.9929 


9.2623 


0.7877 


9.2947 


9..9914 


9.8083 


0.6967 


88 




23 


9.2558 


9.9928 


9.2630 


0.7370 


9.2953 


9.9914 


9.3089 


0.6961 


87 




24 


9.2565 


9.99281 9.2637 


0.7863 


9.2959 


9.9913 


9.3046 


0.6954 


86 




25 


9.2572 


9.9928 9.2644 


0.7356 


9.2905 


9.9913 


9.3062 


0.6948 


86 




26 


9.2579 


9.9928 


9.2651 


0.7849 


9.2972 


9.9913 


9.8069 


0.6941 


84 




27 


9.2586 


9.9927 


9.2658 


0.7342 
0.7334 


9.2978 


9.9913 


9.3066 


0.6935 


38 




28 


9.2593 


9.9927 


9.2666 


9.2984 


9.9912 


9.3072 


0.6928 


82 




29 


9.2600 


9.9927 


9.2678 


0.7327 


9.2990 


9.9912 


9.8078 


0.6922 


81 




30 


9.2006 


9.9927 


9.2680 


0.7820 


9.2997 


9.9912 


9.8085 


0.6915 


80 




31 


9.2613 


9.9926 


9.2687 


0.7318 


9.8008 


9.9912 


9.8091 


0.6909 


29 




32 


9.2620 


9.9926 


9.2694 


0.7306 


9.3009 


9.9911 


9.8098 


0.6902 


28 




33 


9.2627 


9.9926 


9.2701 


0.7299 


9.8015 


9.9911 


9.8104 


0.6896 


27 




34 


9.2634 


9.9926 


9.2708 


0.7292 


9.3021 


9.9911 


9.8110 


0.6890 


26 




35 


9.2640 


9.9925 


9.2715 


0.7285 


9.8027 


9.9911 


9.8117 


0.6888 


25 




86 


9.2647 


9.9925 


9.2722 


0.7278 


9.8084 


9.9910 


9.8123 


0.6877 


24 




37 


9.2654 


9.9925 


9.2729 


0.7271 


9.8040 


9.9910 


9.8180 


0.6870 


28 




88 


9.2661 


9.9925 


9.2736 


0.7264 


9.8046 


9.9910 


9.8186 


0.6864 


22 




89 


9.2667 


9.9925 


9.2743 


0.7257 


9.3052 


9.9910 


9.8142 


0.6858 


21 




40 


9.2674 


9.9924 


9.2750 


0.7250 


9.8058 


9.9909 


9.8149 


0.6851 


20 




41 


9.2681 


9.9924 


9.2757 


0.7248 


9.8064 


9.9909 


9.8165 


0.6846 


19 




42 


9.2687 


9.9924 


9.2764 


0.7236 


9.3070 


9.9909 


9.8162 


0.6838 


18 




43 


9.2694 


9.9924 


9.2770 


0.7230 


9.3077 


9.9909 


9.8168 


0.6882 


17 




44 


9.2701 


9.9923 


9.2777 


0.7228 


9.808:^ 


9.9908 


9.8174 


0.6826 


16 




45 


9.2707 


9.9923 


9.2784 


0.7216 


9.8089 


9.9908 


9.8181 


0.6819 


15 




46 


9.2714 


9.9923 


9.2791 


0.7209 


9.8095 


9.9908 


9.8187 


0.6818 


14 




47 


9.2721 


9.9923 


9.2798 


0.7202 


9.8101 


9.9908 


9.8198 


0.6807 


18 




48 


9.2727 


9.9922 


9.2805 


0.7195 


9.8107 


9.9907 


9.8200 


0.6800 


12 




49 


9.2734 


9.9922 


9.2812 


0.7188 


9.8113 


9.9907 


9.3206 


0.6794 


11 




50 


9.2740 


9.9922 


9.2819 


0.7181 


9.8119 


9.9907 


9.8212 


0.6788 


10 




61 


9.2747 


9.9922 


9.2825 


0.7176 


9.8125 


9.9906 


9.8219 


0.6781 


9 




62 


9.2754 


9.9921 


9.2832 


0.7168 


9.8181 


9.9906 


9.8226 


0.6776 


8 




68 


9.2760 


9.9921 


9.2839 


0.7161 


9.3187 


9.9906 


9.8281 


0.6769 


7 




54 


9.2767 


9.9921 


9.2846 


0.7154 


9.8148 


9.9906 


9.8287 


0.6768 


6 




55 


9.2778 


9.9921 


9.2853 


0.7147 


9.3149 


9.9905 


9.8244 


0.6766 


5 




56 


9.2780 


9.9920 


9.2859 


0.7141 


9.3155 


9.9905 


9.8250 


0.6750 


4 




57 


9.2786 


9.9920 


9.2866 


0.7134 


9.8161 


9.9905 


9.8256 


0.6744 


8 




58 


9.2798 


9.9920 


9.2878 


0.7127 


9.8167 


9.9905 


9.8262 


0.6788 


2 




59 


9.2799 


9.9920 


9.2880 


0.7120 


9.3173 


9.9904 


9.8269 


0.6781 


1 




60 


9.2806 


9.9919 


9.2887 


0.7118 


9.8179 


9.9904 


9.8276 


0.6726 









Oo«. 


Sin. 


CoUng. 


Tang. 


Ck*. 


Sin. 


OoUng. 


Tm,. 


Ogl 




1 


79» 


1 




Tft^^iqitized 


byKjO 


e 
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TABLE n. Logarithmic Sin^ and 


Tangents. 






0' 


14» 




15» 






8in. 1 Cot. 


Tang. 1 CoUng. i 


Sin. 


Coc 


Taag. 


Cotang. 




9.8837 


9.9869 


9.3968' 0.6032 1 


9.4130 


9.9849 


9.4281 


0.5719 


60' 




1 


9.8842 


9.9869 


9.3973 


0.6027 


9.4135 


9.9849 


9.4286 


0.5714 


69 




2 


9.8847 


9.9868 


9.3978 


0.6022 


9.4189 


9.9849 


9.4291 


0.5709 


58 




8 


9.8852 


9.9868 


9.8984 


0.6016 


9.4144 


9.9848 


9.4296 


0.5704 


67 




4 


9.8867 


9.9868 


9.8989 


0.6011 


9.4149 


9.9848 


9.4301 


0.6699 


56 




5 


9.8862 


9.9867 


9.8996 


0.6005 


9.4158 


9.9848 


9.4806 


0.5694 


55 


6 


9.8867 


9.9867 


9.4000 


0.6000 


9.4158 


9.9847 


9.4811 


0.5689 


64 


7 


9.8872 


9.9867 


9.4005 


0.5995 


9.4168 


9.9847 


9.4816 


0.5684 


63 




8 


9.8877 


9.9867 


9.4011 


0.5989 


9.4168 


9.9847 


9.4821 


0.6679 62 




9 


9.8882 


9.9866 


9.4016 


0.5984 


9.4172 


9.9846 


9.4326 


0.5674 


61 




10 


9,8887 


9.9866 


9.4021 


0.5979 


9.4177 


9.9846 


9.4881 


0.5669 50 




11 


9.8892 


9.9866 


9.4027 


0.5978 


9.4181 


9.9846 


9.4836 


0.5064! 49 




12 


9.8897 


9.9866 


9.4032 


0.5968 


9.4186 


9.9846 


9.4841 


0.5669 48 




18 


9.8902 


9.9866 


9.4037 


0.5963 


9.4191 


9.9845 


9.4346 


0.5664 47 




14 


9.8907 


9.9866 


9.4042 


0.5968 


9.4195 


9.9845 


9.4851 


0.5649 46 




15 


9.8912 


9.9864 


9.4048 


0.5952 


9.4200 


9.9844 


9.4856 


0.5644, 45 




16 


9.8917 


9.9864 


9.4068 


0.5947 


9.4205 


9.9844 


9.4861 


0.5639 44 




17 


9.8922 


9.9864 


9.4068 


0.5942 


9.4209 


9.9844 9.4866 


0.5634; 48 




18 


9.8927 


9.9863 


9.4064 


0.5986 


9.4214 


9.9843 9.4371 


0.5629; 42 




19 


9.8932 


9.9868 


9.4069 


0.5981 


9.4219 


9.9843 


9.4876 


0.5624 41 




20 


9.8987 


9.9868 


9.4074 


0.5926 


9.4228 


9.9843 


9.4881 


0.5619 


40 




^21 


9.8942 


9.9862 


9.4079 


0.5921 


9.4228 


9.9842 


9.4886 


0.5614 


39 




22 


9.3947 


9.9862 


9.4086 


0.6915 


9.4282 


9.9842 


9.4890 


0.5610 


38 




28 


9.8962 


9.9862 


9.4090 


0.5910 


9.4287 


9.9842 


9.4895 


0.5606 


37 




24 


9.8967 


9.9861 


9.4096 


0.6905 


9.4242 


9.9841 


9.4400 


0.6600 


86 




26 


9.3961 


9.9861 


9.4100 


0.5900 


9.4246 


9.9841 


9.4405 


0.6696 


85 




26 


9.3966 


9.9861 


9.4106 


0.5894 


9.4251 


9.9841 


9.4410 


0.5590 


84 




27 


9.3971 


9.9860 


9.4111 


0.5889 


9.4255 


9.9840 


9.4416 


0.5686 


33 




28 


9.3976 


9.9860 


9.4116 


0.5884 


9.4260 


9.9840 


9.4420 


0.6680 


82 




29 


9.3981 


9.9860 


9.4121 


0.6879 


9.4264 


9.9839 


9.4425 


0.5676 


31 




80 


9.3986 


9.9869 


9.4127 


0.6878 


9.4269 


9.9839 


9.4430 


0.5670 


80 




81 


9.3991 


9.9869 


9.4132 


0.6868 


9.4274 


9.9839 


9.4485 


0.6565 


29 




82 


9.8996 


9.9869 


9.4137 


0.5863 


9.4278 


9.9888 


9.4440 


0.5660 


28 




88 


9.4001 


9.9868 


9.4142 


0.6868 


9.4288 


9.9888 


9.4446 


0.5655 27 




84 


9.4006 


9.9868 


9.4147 


0.5868 


9.4287 


9.9838 


9.4449 


0.6661 


26 




35 


9.4010 


9.9868 


9.4163 


0.5847 


9.4292 


9.9887 


9.4454 


0.5646 


25 




86 


9.4016 


9.9867 


9.4168 


0.5842 


9.4296 


9.9887 


9.4469 


0.5641 


24 




37 


9.4020 


9.9857 


9.4163 


0.6837 


9.4301 


9.9837 


9.4464 


0.5536 


23 




88 


9.4026| 9.9867 


9.4168 


0.6832 


9.4306 


9.9836 


9.4469 


0.6581 


22 




39 


9.40801 9.9866 


9.4173 


0.6827 


9.4810 


9.9836 


9.4474 


0.5626 


21 




40 


9.40361 9.9866 


9.4178 


0.6822 


9.4814 


9.9836 


9.4479 


0.5621 


20 




41 


9.4039 9.9866 


9.4184 


0.6816 


9.4819 


9.9886 


9.4484 


0.6616 


19 




42 


9.4044' 9.9856 


9.4189 


0.6811 


9.4823 


9.9836 


9.4488 


0.5612 


18 




43 


9.40491 9.9866! 9.4194 


0.6806 


9.4328 


9.9836! 9.4493 


0.5507 


17 




44 


9.4064 9.9866 


9.4199 


0.5801 


9.4382 


9.9834 9.4498 


0.5602 


16 




45 


9.4069 


9.9864 


9.4204 


0.5796 


9.4387 


9.9884 


9.4608 


0.5497 


15 




46 


9.4063 


9.9864 


9.4209 


0.5791 


9.4841 


9.9833 


9.4508 


0.6492 


14 




47 


9.4068; 9.9864 


9.4214 


0.6786 


9.4846 


9.9833 


9.4613 


0.6487 


13 




48 


9.40731 9.9863 


9.4220 


0.6780 


9.4850 


9.9888 


9.4517 


0.6488! 12 




49 


9.4078 


9.9863 


9.4226 


0.5775 


9.4865 


9.9832 


9.4622 


0.5478 


11 




50 


9.4083 


9.9863 


9.4230 


0.5770 


9.4359 


9.9882 


9.4527 


0.6473 


10 




61 


9.4087 


9.9862 


9.4236 


0.5765 


9.4864 


9.9882 


9.4582 


0.5468 


9 




62 


9.4092 


9.9862 


9.4240 


0.6760 


9.4368 


9.9831 


9.4537 


0.5463 


8 




68 


9.4097' 9.9862 


9.4246 


0.6765 


9.4372 


9.9831 


9.4541 


0.6469 


7 




64 


9.4102 9.9851 


9.4260 0.6760 


9.4877 


9.9831 


9.4546 


0.6464 


6 




65 


9.41061 9.9861 


9.4265 0.6745 


9.4881 


9.9830 


9.4561 


0.6449 


5 




66 


9.41 111 9.9861 


9.42<;0 0.5740 


9.4886 


9.9880 


9.4566 


0.5444 


4 




67 


9.4116 9.9860 


9.4266 0.6735 


9.4390 


9.9830 


9.4561 


0.5439 


8 




68 


9.4121 9.9860 


9.42701 0.6730 ' 


9.4396 


9.9829 


9.4566 


0.6486 


2 




69 


9.4126 9.9860 


9.4276 


0.5726 , 


9.4399 


9.9829 


9.4570 


0.5430 


1 




60 


9.4130 9.9849 


9.4281 


0.5719 


9.4403 


9.9828 


9.4575 


0.6425 









Con. 1 Sin. 


Cotang. 


Tang. 1 


Co.. 


Sin. 


Cotang. 


Tang. 


•o8' 




75° i 


74* digitized by V^jL 


e 





TABLE n. Logarithmic Sines and 


Tangents. 


1 




16» 


1 




170 




Sin. 1 Co«. 


Tang. 


Cotang. 1 


Sin. 


Cos. 


Tang. 


Cotang. 


0' 


9.4403 9.9828 


9.4575 


0.5425 1 


9.4659 


9.9806 


9.4858 


0.5147 


OO' 


1 


9.4408 


9.9828 


9.4580 


0.5420 


9.4663 


9.9806 


9.4858 


0.5142 


69 


2 


9.4412 


9.9828 


9.4684 


0.6416 


9.4608 


9.9805 


9.4862 


0.6188 


58 


8 


9.4417 


9.9827 


9.4589 


0.6411 


9.4672 


9.9805 


9.4867 


0.5133 


57 


4 


9.4421 


9.9827 


9.4694 


0.6406 


9.4676 


9.9804 


9.4871 


0.5129 


56 


5 


9.4425 


9.9827 


9.4699 


0.6401 


9.4680 


9.9804 


9.4870 


0.5124 


56 


6 


9.4480 


9.9826 


9.4603 


0.6397 


9.4684 


9.9804 


9.4880 


0.5120 


64 


7 


9.4434 


9.9826 


9.4608 


0.6392 


9.4688 


9.9803 


9.4885 


0.6115 


58 


- 8 


9.4438 9.9826 


9.4613 


0.5387 


9.4692 


9.9803 9.4889 


0.6111 


62 


9 


9.4443 


9.9825 


9.4018 


0.5382 


9.4690 


9.9802 


9.4894 


0.5106 


61 


10 


9.4447 


9.9825 


9.4622 


0.5378 


9.4700 


9.9802 


9.4898 


0.6102 


50 


11 


9.4452 


9.9824 


9.4627 


0.5378 


9.4705 


9.9802 


9.4903 


0.6097 


49 


12 


9.4456 


9.9824 


9.4632 


0.5368 


9.4709 


9.9801 


9.4907 


0.6098 


48 


13 


9.4460 


9.9824 


9.4637 


0,6863 


9.4713 


9.9801 


9.4912 


0.5088 


47 


14 


9.4405 


9.9823 


9.4641 


0.5359 


9.4717 


9.9801 


9.4916 


0.5084 


46 


16 


9.4469 


9.9823 


9.4646 


0.5354 


9.4721 


9.9800 


9.4921 


0.6079 


46 


16 


9.4473 


9.9822 


9.4651 


0.6849 


9.4725 


9.9800 


9.4925 


0.5076 


44 


17 


9.4478 


9.9822 


9.4655 


0.5345 


9.4729 


9.9799 


9.4980 


0,5070 


48 


18 


9.4482 


9.9822 


9.4660 


0.6340 


9.4783 


9.9799 


9.4934 


0.6066 


42 


19 


9.4486 


9.9821 


9.4665 


0.6835 


9.4737 


9.9799 


9.4939 


0.5061 


41 


20 


9.4491 


9.9821 


9.4669 


0.6831 


9.4741 


9.9798 


9.4943 


0.5057 


40 


21 


9.4495 


9.9821 


9.4674 


0.6826 


9.4745 


9.9798 


9.4947 


0.5053 


89 


22 


9.4499 


9.9820 


9.4679 


0.6321 


9.4749 


9.9797 


9.4952 


0.6048 


88 


23 


9.4503 


9.9820 


9.4683 


0.6317 


9.4763 


9.9797 


9.4966 


0.6044 


87 


24 


9.4508 


9.9820 


9.4688 


0.5312 


9.4757 


9.9797 


9.4961 


0.6089 


86 


25 


9.4512 


9.9819 


9.4693 


0.6807 


9.4761 


9.9796 


9.4965 


0.6085 


85 


26 


9.4516 


9.9819 


9.4697 


0.6803 


9.4765 


9.9796 


9.4970 


0.6080 


84 


27 


9.4521 


9.9818 


9.4702 


0.6298 


9.4769 


9.9796 


9.4974 


0.5026 


88 


28 


9.4525 


9.9818 


9.4707 


0.5293 


^4773 


9.9795 


9.4978 


0.5022 


82 


29 


9.4529 


9.9818 


9.4711 


0.6289 


9.4777 


9.9795 


9.4983 


0.5017 


81 


30 


9.4538 


9.9817 


9.4716 


0.6284 


9.4781 


9.9794 


9.4987 


0.6013 


80 


31 


9.4538 


9.9817 


9.4721 


0.6279 


9.4785 


9.9794 


9.4992 


0.6008 


29 


82 


9.4642 


9.9817 


9.4725 


0.6276 


9.4789 


9.9793 


9.4996 


0.6004 


28 


83 


9.4546 


9.9816 


9.4780 


0.5270 


9.4793 


9.9793 


9.6000 


0.6000 


27 


84 


9.4560 


9.9816 


9.4785 


0.5265 


9.4797 


9.9793 


9.6005 


0.4995 


26 


85 


9.4555 


9.9815 


9.4789 


0.6261 


9.4801 


9.9792 


9.6009 


0.4991 


25 


36 


9.4569 


9.9815 


9.4744 


0.5256 


9.4805 


9.9792 


9.6014 


0.4986 


24 


87 


9.4563 


9.9815 


lJ.4748 


0.6252 


9.4809 


9.9791 


9.6018 


0.4982 


23 


88 


9.4567 


9.9814 


9.4753 


0.5247 


9.4813 


9.9791 


9.6022 


0.4978 


22 


39 


9.4572 


9.9814 


9.4768 


0.6242 


9.4817 


9.9791 


9.6027 


0.4978 


21 


40 


9.4576 


9.9814 


9.4762 


0.6288 


9.4821 


9.9790 


9.6031 


0.4969 


20 


41 


9.4580 


9.9813 


9.4767 


0.5283 


9.4825 


9.9790 


9.6086 


0.4965 


19 


42 


9.4584 


9.9813 


9.4771 


0.5229 


9.4829 


9.9789 


9.6040 


0.4960 


18 


48 


9.4588 


9.9813 


9.4776 


0.5224 


9.4888 


9.9789 


9.6044 


0.4956 


17 


44 


9.4693 


9.9812 


9.4781 


0.6219 


9.4837 


9.9789 


9.5049 


0.4951 


16 


45 


9.4597 


9.9812 


9.4785 


0.5215 


9.4841 


9.9788 


9.6053 


0.4947 


15 


46 


9.4601 


9.9811 


9.4790 


0.5210 


9.4846 


9.9788 


9.6067 


0.4943 


14 


47 


9.4605 


9.9811 


9.4794 


0.6206 


9.4849 


9.9787 


9.5062 


0.4938 


18 


48 


9.4609 


9.9811 


9.4799 


0.6201 


9.4863 


9.9787 


9.6066 


0.4934 


12 


49 


9.4614 


9.9810 


9.4803 


0.6197 


9.4857 


9.9787 


9.5070 


0.4980 


11 


60 


9.4618 


9.9810 


9.4808 


0.6192 


9.4861 


9.9786 


9.6076 


0.4925 


10 


51 


9.4622 


9.9809 


9.4813 


0.6187 


9.4866 


9.9786 


9.6079 


0.4921 


9 


62 


9.4626 


9.9809 


9.4817 


0.6183 


9.4869 


9.9785 


9.5088 


0.4917 


8 


53 


9.4630 


9.9809 


9.4822 


0.6178 


9.4873 


9.9785 


9.6088 


0.4912 


7 


54 


9.4634 


9.9808 


9.4826 


0.6174 


9.4876 


9.9785 


9.6092 


0.4908 


6 


56 


9.4689 


9.9808 


9.4881 


0.6169 


9.4880 


9.9784 


9.6096 


0.4904 


6 


56 


9.4643 


9.9808 


9.4885 


0.6165 


9.4884 


9.9784 


9.6101 


0.4899 


4 


57 


9.4647 


9.9807 


9.4840 


0.5160 


9.4888 


9.9783 


9.6105 


0.4895 


8 


58 


9.4651 


9.9807 


9.4844 


0.6156 


9.4892 


9.9783 


9.6109 


0.4891 


2 


69 


9.4655 


9.9806 


9.4849 


0.6151 


9.4896 


9.9782 


9.5118 


0.4887 


1 


60 


9.4659 


9.9806 


9.4868 


0.6147 


9.4900 


9.9782 


- 9.6118 


0.4882 
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TABLE n. . 


Logarithmic Sines and 


Tangents. 




i 


18» 


j 19» 


eo' 


Sin. 


Cos. 


Tang. 


Cotang. 


Sin. 


Cos. 


Tang. 
"9.5370 


Cotang. 
0.4630 


0' 


9.4900 


9.9782 


9.5118 


0.4882 


9.5126 


9.9757 


1 


9.4904 


9.9782 


9.5122 


0.4878 


9.6180 


9.9756 


9.5374 


0.4626 


69 


2 


9.4908 


9.9781 


9.512b 


0.4874 


9.5184 


9.9756 


9.5378 


0.4622 


58 


8 


9.4911 


9.9781 


9.5131 


0.4869 


9.5137 


9.9755 


9.6382 


0.4618 


57 


4 


9.4915 


9.9780 


9.6185 


0.4865 


9.5141 


9.9755 


9.5386 


0.4614 


56 


5 


9.4919 


9.9780 


9.6189 


0.4861 


9.6145 


9.9755 


9.6390 


0.4610 


66 


6 


9.4923 


9.9780 


9.6143 


0.4867 


9.6148 


9.9754 


9.6394 


0.4606 


64 


7 


9.4927 


9.9779 


9.5148 


0.4852 


9.6152 


9.9754 


9.6398 


0.4602 


63 


8 


9.4931 


9.9779 


9.5162 


0.4848 


9.6166 


9.9763 


9.5402 


0.4598 


62 


9 


9.4936 


9.9778 


9.5156 


0.4844 


9.6169 


9.9753 


9.6407 


0.4693 


61 


10 


9.4939 


9.9778 


9.5161 


0.4839 


9.6168 


9.9752 


9.6411 


0.4589 


60 


11 


9.4942 


9.9778 


9.6166 


0.4836 


9.6167 


9.9752 


9.5415 


0.4586 


49 


12 


9.4946 


9.9777 


9.6169 


0.4831 


9i6170 


9.9751 


9.6419 


0.4581 


48 


18 


9.4960 


9.9777 


9.5178 


0.4827 


9.6174 


9.9751 


9.5423 


0.4577 


47 


14 


9.4964 


9.9776 


9.6178 


0.4822 


9.6177 


9.9761 


9.5427 


0.4673 


46 


16 


9.4968 


9.9776 


9.6182 


0.4818 


9.6181 


9.9760 


9.6481 


0.4669 


46 


16 


9.4962 


9.9775 


9.6186 


0.4814 


9.6186 


9.9750 


9.6486 


0.4665 


44 


17 


9.4965 


9.9775 


9.6190 


0.4810 


9.6188 


9.9749 


9.6439 


0.4561 


43 


18 


9.4969 


9.9776 


9.6195 


0.4806 


9.6192 


9.9749 


9.6443 


0.4657 


42 


19 


9.4973 


9.9774 


9.5199 


0.4801 


9.6196 


9.9748 


9.5447 


0.4553 


41 


20 


9.4977 


9.9774 


9.6208 


0.4797 


9.6199 


9.9748 


9.6451 


0.4549 


40 


21 


9.4981 


9.9773 


9.6207 


0.4798 


9.5208 


9.9747 


9.6466 


0.4646 


39 


22 


9.4984 


9.9778 


9.5212 


0.4788 


9.6206 


9.9747 


9.6469 


0.4541 


38 


23 


9.4988 


9.9778 


9.5216 


0.4784 


9.6210 


9.9747 


9.6463 


0.4637 


37 


24 


9.4992 


9.9772 


9.5220 


0.4780 


9.6213 


9.9746 


9.6467 


0.4583 


36 


26 


9.4996 


9.9772 


9.6224 


0.4776 


9.6217 


9.9746 


9.6471 


0.4629 


85 


26 


9.5000 


9.9771 


9.6228 


0.4772 


9.6221 


9.9745 


9.6476 


0.4525 


84 


27 


9.6003 


9.9771 


9.5288 


0.4767 


9.6224 


9.9745 


9.5479 


0.4521 


83 


28 


9.6007 


9.9770 


9.5287 


0.4763 


9.6228 


9.9744 


9.6488 


0.4617 


82 


29 


9.6011 


9.9770 


9.6241 


0.4769 


9.5281 


9.9744 


9.5487 


0.4518 


81 


80 


9.6016 


9.9770 


9.6246 


0.4766 


9.6235 


9.9743 


9.5491 


0.4609 


30 


. 81 


9.6019 


9.9769 


9.6249 


0.4761 


9.5289 


9.9743 


9.6495 


0.4505 


29 


82 


9.6022 


9.9769 


9.6264 


0.4746 


9.5242 


9.9743 


9.5500 


0.4600 


28 


83 


9.6026 


9.9768 


9.6268 


0.4742 


9.5246 


9.9742 


9.5504 


0.4496 


27 


84 


9.6030 


9.9768 


9.5262 


0.4788 


9.5249 


9.9742 


9.5508 


0.4492 


26 


86 


9.6084 


9.9767 


9.6266 


0.4784 


9.6263 


9.9741 


9.5612 


0.4488 


26 


86 


9.6087 


9.9767 


9.6270 


0.4780 


9.5256 


9.9741 


9.6616 


0.4484 


24 


87 


9.5041 


9.9767 


9.6275 


0.4726 


9.6260 


9.9740 


9.6620 


0.4480 


28 


88 


9.5045 


9.9766 


9.5279 


0.4721 


9.6263 


9.9740 


9.5624 


0.4476 


22 


89 


9.5049 


9.9766 


9.5283 


0.4717 


9.6267 


9.9789 


9.6528 


0.4472 


21 


40 


9.6062 


9.9766 


9.6287 


0.4713 


9.5270 


9.9789 


9.6681 


0.4469 


20 


41 


9.6066 


9.9766 


9.6291 


0.4709 


9.5274 


9.9789 


9.6685 


0.4465 


19 


42 


9.5060 


9.9764 


9.6295 


0.4705 


9.6278 


9.9788 


9.5589 


0.4461 


18 


43 


9.5064 


9.9764 


9.6800 


0.4700 


9.5281 


9.9788 


9.6543 


0.4467 


17 


44 


9.5067 


9.9764 


9.5804 


0.4696 


9.5285 


9.9787 


9.5647 


0.4463 


16 


46 


9.6071 


9.9763 


9.6808 


0.4692 


9.5288 


9.9787 


9.5551 


0.4449 


16 


46 


9.6075 


9.9763 


9.6312 


0.4688 


9.6292 


9.9786 


9.5665 


0.4446 


14 


47 


9.6078 


9.9762 


9.6816 


0.4684 


9.5295 


9.9786 


9.6559 


0.4441 


13 


48 


9.5082 


9.9762 


9.5820 


0.4680 


9.5299 


9.9785 


9.6568 


0.4487 


12 


49 


9.6086 


9.9761 


9.5324 


0.4676 


9.6802 


9.9785 


9.5667 


0.4483 


11 


60 


9.6090 


9.9761 


9.5829 


0.4671 


9.6806 


9.9784 


9.6671 


0.4429 


10 


61 


9.5098 


9.9761 


9.6883 


0.4667 


9.5809 


9.9784 


9.5575 


0.4426 


9 


62 


9.6097 


9.9760 


9.6837 


0.4063 


9.6813 


9.9734 


9.5679 


0.4421 


8 


68 


9.6101 


9.9760 


9.6841 


0.4669 


9.6816 


9.9733 


9.5683 


0.4417 


7 


64 


9.5104 


9.9759 


9.6345 


0.4056 


9.5820 


9.9788 


9.5587 


0.4413 


6 


66 


9.6108 


9.9769 


9.5849 


0.4661 


9.6823 


9.9782 


9.6691 


0.4409 


5 


66 


9.5112 


9.9768 


9.5863 


0.4647 


9.6827 


9.9782 


9.5695 


0.4405 


4 


67 


9.6116 


9.9758 


9.5357 


0.4643 


9.5880 


9.9781 


9.5599 


0.4401 


8 


68 


9.6119 


9.9768 


9.5362 


0.4688 


9.6884 


9.9781 


9.6608 


0.4397 


2 


69 


9.6123 


9.9767 


9.5366 


0.4684 


9.6887 


9.9780 


9.5607 


0.4898 


1 


60 


9.6126 


9.9767 


9.6870 


0.4680 


9.6841 


9.9780 


9.6611 


0.4389 
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TABLE n. LogariOimic Sine$ and TangenU. 


1 






ao* 


1 


1 


»1» 




Sin. 


Coi. 


Tang. 


OotMJg. 


Sin. 


Cofl. 


Tang. 


Cotang. 


c 


9.6841 


9.9780 


9.6611 


0.4389 


9.6543 


9.9702 


9.6842 


0.4158 


60' 


1 


9.5344 


9.9729 


9.5615 


0.4385 


9.5547 


9.9701 


9.5846 


0.4164 


59 


2 


9.5347 


9.9729 


9.6619 


0.4381 


9.5550 


9.9701 


9.5849 


0.4161 


58 


8 


9.6351 


9.9728 


9.5622 


0.4878 


9.5553 


9.9700 


9.6868 


0.4147 


57 


4 


9.5354 


9.9728 


9.5626 


0.4374 


9.5556 


9.9700 


9.6857 


0.4148 


56 


6 


9.5358 


9.9728 


9.6630 


0.4370 


9.6560 


9.%99 


9.5861 


0.4189 


55 


6 


9.5361 


9.9727 


9.5634 


0.4366 


9.5568 


9.9699 


9.5864 


0.4186 


54 


7 


9.5365 


9.9727 


9.6638 


0.4362 


9.5666 


9.9698 


9.5868 


0.4132 


58 


8 


9.5368 


9.9726 


9.5642 


0.4358 


9.5670 


9.9698 


9.5872 


0.4128 


62 


9 


9.5372 


9.9726 


9.6646 


0.4354 


9.5578 


9.9697 


9.5876 


0.4124 


51 


10 


9.5875 


9.9725 


9.6660 


0.4350 


9.6676 


9.9697 


9.5879 


0.4121 


50 


11 


9.5379 


9.9725 


9.5654 


0.4846 


9.6679 


9.9696 


9.5888 


0.4117 


49 


12 


9.5382 


9.9724 


9.5668 


0.4342 


9.6683 


9.9696 


9.5887 


0.4118 


48 


13 


9.5386 


9.9724 


9.6662 


0.4838 


9.5586 


9.9695 


9.5891 


0.4109 


47 


14 9.5389 


9.9723 


9.5665 


0.4385 


9.6589 


9.9695 


9.5894 


0.4106 


46 


15 


9.5892 


9.9723 


9.5669 


0.4381 


9.5592 


9.9694 


9.5898 


0.4102 


45 


16 


9.5896 


9.9722 


9.6673 


0.4827 


9.5696 


9.9694 


9.5902 


0.4098 


44 


17 


9.5399 


9.9722 


9.6677 


0.4323 


9.6599 


9.9693 


9.5906 


0.4094 


48 


18 


9.5402 


9.9722 


9.5681 


0.4819 


9.6602 


9.9693 


9.5909 


0.4091 


42 


19 


9.5406 


9.9721 


9.5685 


0.4815 


9.5606 


9.9692 


9.5913 


0.4087 


41 


20 


9.6409 


9.9721 


9.6689 


0.4311 


9.6609 


9.9692 


9.6917 


0.4083 


40 


21 


9.5413 


9.9720 


9.5693 


0.4807 


9.5612 


9.9691 


9.5921 


0.4079 


39 


22 


9.5416 


9.9720 


9.5606 


0.4804 


9.5616 


9.9691 


9.5924 


0.4076 


38 


23 


9.5420 


9.9719 


9.5700 


0.4800 


9.5618 


9.9690 


9.5928 


0.4072 


87 


24 


9.5423 


9.9719 


9.5704 


0.4296 


9.5621 


9.9690 


9.5982 


0.4068 


86 


25 


9.5426 


9.9718 


9.5708 


0.4292 


9.5625 


9.9689 


9.5985 


0.4066 


85 


26 


9.5480 


9.9718 


9.5712 


0.4288 


9.5628 


9.9689 


9.5939 


0.4061 


34 


27 


9.6483 


9.9717 


9.5716 


0.4284 


9.5631 


9.9688 


9.6948 


0.4067 


88 


28 


9.5436 


9.9717 


9.5720 


0.4280 


9.6634 


9.9688 


9.5947 


0.4063 


82 


29 


9.6440 


9.9716 


9.6724 


0.4276 


9.5638 


9.9687 


9.5950 


0.4060 


31 


30 


9.5443 


9.9716 


9.5727 


0.4278 


9.6641 


9.9687 


9.5954 


0.4046 


80 


31 


9.5447 


9.9715 


9.5781 


0.4269 


9.5644 


9.9686 


9.5958 


0.4042 


29 


32 


9.6450 


9.9715 


9.6786 


0.4265 


9.5647 


9.9686 


9.5961 


0.4089 


28 


33 


9.6453 


9.9714 


9.5789 


0.4261 


9.5650 


9.9685 


9.5965 


0.4085 


27 


34 


9.5467 


9.9714 


9.6748 


0.4267 


9.5664 


9.9685 


9.5969 


0.4031 


26 


35 


9.5460 


9.9714 


9.5747 


0.4253 


9.5657 


9.9684 


9.5972 


0.4028 


25 


36 


9.5468 


9.9713 


9.5750 


0.4250 


9.5660 


9.9684 


9.6976 


0.4024 


24 


87 


9.5467 


9.9713 


9.5754 


0.4246 


9.6668 


9.9688 


9.5980 


0.4020 


28 


38 


9.5470 


9.9712 


9.5758 


0.4242 


9.5666 


9.9688 


9.5984 


0.4016 


22 


39 


9.5474 


9.9712 


9.6762 


0.4238 


9.6670 


9.9682 


9.5987 


0.4018 


21 


40 


9.5477 


9.9711 


9.5766 


0.4234 


9.6678 


9.9682 


9.5991 


0.4009 


20 


41 


9.6480 


9.9711 


9.6770 


0.4280 


9.6676 


9.9681 


9.6996 


0.4005 


19 


42 


9.5484 


9.9710 


9.5773 


0.4227 


9.6679 


9.9681 


9.5998 


0.4002 


18 


43 


9.6487 


9.9710 


9.5777 


0.4223 


9.5682 


9.9680 


9.6002 


0.8998 


17 


44 


9.5490 


9.9709 


9.6781 


0.4219 


9.5685 


9.9680 


9.6006 


0.8994 


16 


45 


9.5494 


9.9709 


9.5785 


0.4215 


9.6689 


9.9679 


9.6009 


0.3991 


15 


46 


9.6497 


9.9708 


9.5789 


0.4211 


9.5692 


9.9679 


9.6013 


0.8987 


14 


47 


9.5500 


9.9708 


9.5792 


0.4208 


1 9.5695 


9.9678 


9.6017 


0.8983 


18 


48 


9.5504 


9.9707 


9.6796 


0.4204 


1 9.5698 


9.9678 


9.6020 


0.8980 


12 


49 


9.6607 


9.9707 


9.5800 


0.4200 


9.6701 


9.9677 


9.6024 


0.8976 


11 


50 


9.5510 


9.9706 


9.5804 


0.4196 


1 9.5704 


9.9677 


9.6028 


0.8972 


10 


61 


9.5614 


9.9706 


9.6808 


0.4192 


i 9.6708 


9.9676 


9.6081 


0.8969 


9 


52 


9.6617 


9.9705 


9.5811 


0.4189 


' 9.5711 


9.9676 


9.6085 


0.8965 


8 


53 


9.6620 


9.9705 


9.6816 


0.4185 


1 9.5714 


9.9675 


9.6089 


0.8961 


7 


64 


9.6523 


9.9704 


9.6819 


0.4181 


9.6717 


9.9676 


9.6042 


0.8968 


6 


55 


9.5527 


9.9704 


9.5823 


0.4177 


9.6720 


9.9674 


9.6046 


0.8954 


6 


56 


9.6530 


9.9703 


9.5827 


0.4178 


9.5728 


9.9674 


9.6060 


0.8960 


4 


57 


9.6583 


9.9703 


9.6830 


0.4170 


9.5726 


9.9673 


9.6063 


0.8947 


8 


58 


9.5687 


9.9702 


9.6834 


0.4166 


9.5729 


9.9678 


9.6057 


0.8948 


2 


59 


9.5540 


9.9702 


9.5888 


0.4162 


9.5783 


9.9672 


9.6060 


0.8940 


1 


60 


9.5548 


9.9702 


9.5842 


0.4158 , 


9.6736 


9.9672 


9.6064 


0.8986 
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TABLE n. Logarithmic Sines and Tangents. 








»»• 


1 




• US" 




Bin. 


Co*. 


Tnng. 


Cotsng. 1 


sin. 


Co*. 


Tang. 


Cotang. 


c 


9.6786 


9.9672 


9.6064 


0.3936 


9.5919 


9.9640 


9.6279 


0.8721 


60* 


1 


9.5789 


9.9671 


9.6068 


0.3932 


9.5922 


9.9640 


9.6282 


0.3718 


59 


2 


9.5742 


9.9671 


9.6071 


0.3929 


9.6925 


9.9689 


9.6286 


0.8714 


58 


8 


9.5745 


9.9670 


9.6075 


0.3925 


9.5928 


9.9689 


9.6289 


0.8711 


57 


4 


9.5748 


9.9670 


9.6079 


0.3921 


9.5981 


9.9688 


9.6293 


0.3707 


66 


6 


9.6751 


9.9669 


9.6082 


0.8918 


9.6984 


9.9688 


9.6296 


0.3704 


56 


6 


9.5764 


9.9669 


9.6086 


0.8914 


9.6987 


9.9687 


9.6800 


0.8700 


54 


7 


9.5758 


9.9668 


9.6090 


0.3910 


9.6940 


9.9687 


9.6808 


0.3697 


53 


8 


9.6761 


9.9668 


9.6093 


0.3907. 


9.5943 


9.9686 


9.6807 


0.8693 


52 


9 


9.5764 


9.9667 


9.6097 


0.8908 


9.5946 


9.9686 


9.6310 


0.3690 


61 


10 


9.6767 


9.9667 


9.6100 


0.8900 


9.6948 


9.9686 


9.6814 


0.8686 


50 


11 


9.5770 


9.9666 


9.6104 


0.8896 


9.6951 


9.9684 


9.6817 


0.8683 


49 


12 


9.5778 


9.9666 


9.6108 


0.8892 


9.6964 


9.9684 


9.6321 


0.3679 


48 


13 


9.5776 


9.9665 


9.6111 


0.3889 


9.6957 


9.9688 


9.6324 


0.3676 


47 


14 


9.5779 


9.9664 


9.6115 


0.3885 


9.5960 


9.9688 


9.6828 


0.3672 


46 


16 


9.5782 


9.9664 


9.6118 


0.3882 


9.6968 


9.9682 


9.6881 


0.8669 


45 


16 


9.5785 


9.9668 


9.6122 


0.3878 


9.5966 


9.9682 


9.6884 


0.8666 


44 


17 


9.5789 


9.9663 


9.6126 


0.3874 


9.6969 


9.9681 


9.6888 


0.8662 


43 


18 


9.5792 


9.9662 


9.6129 


0.3871 


9.6972 


9.9681 


9.6841 


0.3659 


42 


19 


9.5795 


9.9662 


9.6133 


0.3867 


9.6976 


9.9680 


9.6846 


0.8656 


41 


20 


9.5798 


9.9661 


9.6186 


0.3864 


9.6978 


9.9629 


9.6848 


0.8652 


40 


21 


9.5801 


9.9661 


9.6140 


0.3860 


9.6981 


9.9629 


9.6862 


0.8648 


89 


22 


9.5804 


9.9660 


9.6144 


0.3856 


9.5984 


9.9628 


9.6366 


0.8645 


88 


28 


9.5807 


9.9660 


9.6147 


0.3868 


9.5987 


9.9628 


9.6859 


0.8641 


87 


24 


9.5810 


9.9659 


9.6161 


0.3849 


9.5990 


9.9627 


9.6362 


0.8638 


26 


25 


9.5818 


9.9659 


9.6154 


0.8846 


9.5992 


9.9627 


9.6866 


0.8684 


86 


26 


9.5816 


9.9658 


9.6158 


0.8842 


9.5996 


9.9626 


9.6869 


0.3631 


84 


27 


9.5819 


9.9658 


9.6162 


0.3838 


9.5998 


9.9626 


9.6873 


0.3627 


33 


28 


9.5822 


9.9657 


9.6165 


0.3835 


9.6001 


9.9625 


9.6376 


0.8624 


32 


29 


9.6826 


9.9657 


9.6169 


0.3831 


9.6004 


9.9625 


9.6880 


0.3620 


81 


80 


9.6828 


9.9656 


9.6172 


0.8828 


9.6007 


9.9624 


9.6883 


0.8617 


80 


81 


9.6881 


9.9656 


9.6176 


0.3824 


9.6010 


9.9628 


9.6886 


0.8614 


29 


82 


9.5884 


9.9655 


9.6179 


0.8821 


9.6018 


9.9623 


9.6890 


0.3610 


28 


88 


9.5888 


9.9655 


9.6183 


0.8817 


9.6016 


9.9622 


9.6893 


0.3607 


27 


84 


9.5841 


9.9654 


9.6187 


0.8818 


9.6019 


9.9622 


9.6897 


0.8608 


26 


86 


9.5844 


9.9654 


9.6190 


0.3810 


9.6021 


9.9621 


9.6400 


0.8600 


25 


86 


9.6847 


9.9653 


9.6194 


0.8806 


9.6024 


9.9621 


9.6404 


0.8596 


24 


87 


9.5850 


9.9652 


9.6197 


0.3808 


9.6027 


9.9620 


9.6407 


0.8698 


23 


88 


9.5853 


9.9652 


9.6201 


0.8799 


9.6080 


9.9620 


9.6411 


0.3689 


22 


89 


9.58r>6 


9.9651 


9.6204 


0.8796 


9.6038 


9.9619 


9.6414 


0.8586 


21 


40 


9.5859 


9.9651 


9.6208 


0.8792 


9.6086 


9.9618 


9.6417 


0.8583 


20 


41 


9.5862 


9.9650 


9.6211 


0.8789 


9.6089 


9.9618 


9.6421 


0.8679 


19 


42 


9.6865 


9.9650 


9.6215 


0.8786 


9.6042 


9.9617 


9.6424 


0.8676 


18 


48 


9.5868 


9.9649 


9.6219 


0.3781 


9.6045 


9.9617 


9.6428 


0.8572 


17 


44 


9.5871 


9.9649 


9.6222 


0.8778 


9.6047 


9.9616 


9.6481 


0.3569 


16 


46 


9.6874 


9.9648 


9.6226 


0.8774 


9.6060 


9.9616 


9.6436 


0.8666 


16 


46 


9.5877 


9.9648 


9.6229 


0.8771 


9.6063 


9.9616 


9.6488 


0.3662 


14 


47 


9.6880 


9.9647 


9.6233 


0.8767 


9.6056 


9.9615 


9.6441 


0.8659 


18 


48 


9.5888 


9.9647 


9.6286 


0.3764 


9.6059 


9.9614 


9.6445 


0.3565 


12 


49 


9.5886 


9.9646 


9.6240 


0.3760 


9.6062 


9.9618 


9.6448 


0.3552 


11 


60 


9.5889 


9.9646 


9.6243 


0.8757 


9.6065 


9.9618 


9.6452 


0.8648 


10 


61 


9.5892 


9.9645 


9.6247 


0.3758 


9.6068 


9.96111 


9.6456 


0.8646 


9 


62 


9.5895 


9.9645 


9.6250 


0.3750 


9.6070 


9.9612 


9.6459 


0.3541 


8 


68 


9.5898 


9.9644 


9.6254 


0.8746 


9.6073 


9.9611 


9.6462 


0.3538 


7 


64 


9.5901 


9.9648 


9.6257 


0.3748 


9.6076 


9.9611 


9.6465 


0.3536 


6 


66 


9.5904 


9.9643 


9.6261 


0.8789 


9.6079 


9.9610 


9.6469 


0.8581 


6 


66 


9.5907 


9.9642 


9.6264 


0.3786 


9.6082 


9.9610 


9.6472 


0.8528 


4 


67 


9.6910 


9.9642 


9.6268 


0.3732 


9.6085 


9.9609' 9.6476 


0.8524 


8 


68 


9.5918 


9.9641 


9.6271 


0.3729 


9.6087 


9.9608' 9.6479 


0.8521 


2 


69 


9.5916 


9.9641 


9.6275 


0.3725 


9.6090 


9.9608' 9.6482 


0.3518 


1 


60 


9.6919 


9.9640 


9.6279 


0.8721 


9.6093 


9.96071 9.6486 


0.3514 
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TABLE n. Logarithmic Sines and 


Tangents, 


1 






a*' 




1 a5o 




Sin. 


OOB. 


Tang. 


CoUng. 


Sin. 


Cos. 


Tang. 


Cotang. 


(y 


9.6098 


9.9607 


9.6486 


0.8514 


9.6269 


9.9673 


9.6687 


0.3313 


OO' 


1 


9.6096 


9.9607 


9.6489 


0.3611 


9.6262 


9.9672 


9.6690 


0.3310 


69 


2 


9.6099 


9.9606 


9.6493 


0.3607 


9.6265 


9.9672 


9.6693 


0.8307 


68 


8 


9.6102 


9.9606 


9.6496 


0.3604 


9.6268 


9.9671 


9.6697 


0.3303 


67 


4 


9.6104 


9.9605 


9.6499 


0.8601 


9.6270 


9.9670 


9.6700 


0.3300 


66 


6 


9.6107 


9.9604 


9.6508 


0.8497 


9.6278 


9.9670 


9.6708 


0.3297 


66 


6 


9.6110 


9.9604 


9.6506 


0.8494 


9.6276 


9.9669 


9.6706 


0.3294 


64 


7 


9.6118 


9.9603 


9.6509 


0.3491 


9.6278 


9.9669 


9.6710 


0.3290 


68 


8 


9.6116 


9.9603 


9.6513 


0.3487 


9.6281 


9.9668 


9.6713 


0.3287 


62 


9 


9.6119 


9.9602 


9.6516 


0.3484 


9.6284 


9.9667 


9.6716 


0.8284 


61 


10 


9.6121 


9.9602 


9.6520 


0.8480 


1 9.6286 


9.9667 


9.6720 


0.3280 


50 


U 


9.6124 


9.9601 


9.6523 


0.8477 


9.6289 


9.9666 


9.6723 


3277 


49 


12 


9.6127 


9.9601 


9.6627 


0.8478 


9.6292 


9.9566 


9.6726 


0.3274 


48 


18 


9.6130 


9.9600 


9.6530 


0.8470 


9.6296 


9.9566 


9.6729 


0.3271 


47 


14 


9.6133 


9.9599 


9.6533 


0.8467 


9.6297 


9.9664 


9.6733 


0.3267 


46 


15 


9.6136 


9.9599 


9.6537 


0.8468 


9.6300 


9.9664 


9.6786 


0.3264 


46 


16 


9.6138 


9.9598 


9.6640 


0.3460 


9.6803 


9.9663 


9.6789 


0.8261 


44 


17 


9.6141 


9.9598 


9.6643 


0.8467 


9.6305 


9.9568 


9.6743 


0.3267 


48 


18 


9.6144 


9.9597 


9.6547 


0.8458 


9.6308 


9.9662 


9.6746 


0.3254 


42 


19 


9.6147 


9.9597 


9.6550 


0.8450 


9.6311 


9.9661 


9.6749 


0.3251 


41 


20 


9.6149 


9.9596 


9.6563 


0.8447 


9.6813 


9.9661 


9.6762 


0.3248 


40 


21 


9.6152 


9.9595 


9.6567 


0.8448 


9.6816 


9.9660 


9.6766 


0.3244 


39 


22 


9.6155 


9.9595 


9,6560 


0.8440 


9.6819 


9.9660 


9.6769 


0.3241 


38 


23 


9.6158 


9.9594 


9.6564 


0.3436 


9.6821 


9.9669 


9.6762 


0.8238 


37 


24 


9.6161 


9.9594 


9.6567 


0.3438 


9.6324 


9.9668 


9.6766 


0.3235 


36 


26 


9.6163 


9.9593 


9.6670 


0.8430 


9.6827 


9.9668 


9.6769 


0.3231 


36 


26 


9.6166 


9.9593 


9.6674 


0.8426 


9.6329 


9.9667 


9.6772 


0.3228 


34 


27 


9.6169 


9.9592 


9.6577 


0.3423 


9.6332 


9.9667 


9.6776 


0.3225 


38 


28 


9.6172 


9.9591 


9.6580 


0.3420 


9.6385 


9.9666 


9.6778 


0.3222 


32 


29 


9.6174 


9.9591 


9.6584 


0.3416 


9.6837 


9.9555 


9.6782 


0.3218 


31 


30 


9.6177 


9.9590 


9.6587 


0.3418 


9.6340 


9.9666 


9.6785 


0.3215 


30 


81 


9.6180 


9.9590 


9.6590 


0.8410 


9.6842 


9.9664 


9.6788 


0.3212 


29 


32 


9.6183 


9.9589 


9.6594 


0.3406 


9.6845 


9.9564 


9.6791 


0.3209 


28 


38 


9.6186 


9.9589 


9.6597 


0.3403 


9.6348 


9.9568 


9.6795 


0.3205 


27 


34 


9.6188 


9.9588 


9.6600 


0.3400 


9.6360 


9.9662 


9.6798 


0.3202 


26 


86 


9.6191 


9.9587 


9.6604 


0.8396 


9.6863 


9.9662 


9.6801 


0.8199 


26 


36 


9.6194 


9.9587 


9.6607 


0.3898 


9.6366 


9.9661 


9.6804 


0.8196 


24 


87 


9.6197 


9.9586 


9.6610 


0.3390 


9.6358 


9.9561 


9.6808 


0.3192 


23 


88 


9.6199 


9.9586 


9.6614 


0.3386 


9.6361 


9.9560 


9.6811 


0.8189 


22 


39 


9.6202 


9.9685 


9.6617 


0.8388 


9.6364 


9.9649 


9.6814 


0.8186 


21 


40 


9.6205 


9.9584 


9.6620 


0.8380 


9.6366 


9.9649 


9»6817 


0.8183 


20 


41 


9.6208 


9.9584 


9.6624 


0.8876 


9.6369 


9.9648 


9.6821 


0.3179 


19 


42 


9.6210 


9.9583 


9.6627 


0.3378 


9.6871 


9.9648 


9.6824 


0.3176 


18 


43 


9.6213 


9.9583 


9.6630 


0.8370 


9.6874 


9.9547 


9.6827 


0.3173 


17 


44 


9.6216 


9.9582 


9.6634 


0.3366 


9.6377 


9.9546 


9.6830 


0.3170 


16 


45 


9.6219 


9.9582 


9.6637 


0.3363 


9.6379 


9.9646 


9.6884 


0.8166 


16 


46 


9.6221 


9.9581 


9.6640 


0.3360 


9.6382 


9.9646 


9.6887 


0.8163 


14 


47 


9.6224 


9.9580 


9.6644 


0.8356 


9.6885 


9.9645 


9.6840 


0.3160 


18 


48 


9.6227 


9.9580 


9.6647 


0.3353 


9.6387 


9.9644 


9.6843 


0.3157 


12 


49 


9.6230 


9.9579 


9.6650 


0.3350 


9.6390 


9.9643 


9.6846 


0.8164 


11 


50 


9.6232 


9.9579 


9.6654 


0.3346 


9.6392 


9.9648 


9.6860 


0.3160 


10 


61 


9.6285 


9.9578 


9.6657 


0.3343 


9.6895 


9.9542 


9.6863 


0.8147 


9 


62 


9.6238 


9.9577 


9.6660 


0.3340 


9.6398 


9.9642 


9.6866 


0.3144 


8 


58 


9.6240 


9.9677 


9.6664 


0.8636 


9.6400 


9.9641 


9.6869 


0.3141 


7 


64 


9.6248 


9.9576 


9.6667 


0.8333 


9.6408 


9.9540 


9.6863 


0.3137 


6 


66 


9.6246 


9.9576 


9.6670 


0.8380 


9.6405 


9.9640 


9.6866 


0.3134 


6 


66 


9.6249 


9.9675 


9.6674 


0.8826 


9.6408 


9.9639 


9.6869 


0.3131 


4 


67 


9.6251 


9.9575 


9.6677 


0.3328 


9.6411 


9.9638 


9.6872 


0.3128 


8 


68 


9.6254 


9.9574 


9.6680 


0.3320 


9.6418 


9.9588 


9.6876 


0.3125 


2 


69 


9.6267 


9.9573 


9.6683 


0.3317 


9.6416 


9.9537 


9.6879 


0.8121 


1 


60 


9.6259 


9.9573 


9.6687 


0.8318 


9.6418 


9.9687 


9.6882 


0.8118 







C«». 


Sin. 


CotoDg. 


Tang. 


Oo«. 


Sin. 


Ooteng. 


Tang. 


3^U 




05» 
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TABLE n. Logarithmic Sines and 


Tangents. 










»6° i 


aT' 






Sin. 


Cos. 1 Tang. 


CoUng. ! 


Sin. 


Cod. Tang. 


CoUng. 




0' 


9.6418 


9.9537i 9.6882 


0.3118 


9.6570 


9.9499 9.7072 


0.2928 


eo' 




1 


9.6421 


9.9586| 9.6885 


0.3115 


9.6573 


9.9498 


9.7075 


0.2925 


59 




2 


9.6424 


9.9635' 9.6888 


0.3112 


9.6576 


9.9497 


9.7078 


0.2922 


58 




8 


9.6426 


9.9535; 9.6891 


0.310» 


9.6578 


9.9497 


9.7081 


0.2919 


57 




4 


9.6429 


9.9534 9.6895 


0.3105 


9.6580 


9.9496 


9.7084 


0.2916 


56 




6 


9.6431 


9.9534 9.6898 


0.8102 


9.6583 


9.9496 


9.7087 


0.2918 


55 




6 


9.6484 


9.9533; 9.6901 


0.8099 


9.6585 


9.9495 


9.7090 


0.2910 


54 




7 


9.6437 


9.9632 9.6904 


0.3096 


9.6688 


9.9494 


9.7093 


0.2907 


58 




8 


9.6439 


9.95321 9.6907 


0.3093 


9.6590 


9.9494 


9.7097 


0.2903 


52 




9 


9.6442 


9.95311 9.6911 


0.3089 


9.6593 


9.9493 


9.7100 


0.2900 


61 




10 


9.6444 


9.9530'j 9.6914 


0.3086 


9.6595 


9.9492 


9.7108 


0.2897 


50 




11 


9.6447 


9.9680, 9.6917 


0.3088 


9.6598 


9.9492 


9.7106 


0.2894 


49 




12 


9.6449 


9.9529' 9.6920 


0.3080 


9.6600 


9.9491 


9.7109 


0.2891 


48 




18 


9.6452 


9.9629| 9.6923 


0.3077 


9.6608 


9.9490 


9.7112 


0.2888 


47 




H 


9.6454 


^9528 9.6927 


0.3073 


9.6605 


9.9490 


9.7115 


0.2885 


46 




16 


9.6457 


9.9527 


9.6930 


0.8070 


9.6607 


9.9489 


9.7118 


0.2882 


45 




16 


9.6460 


9.9527 


9.6933 


0.3067 


9.6610 


9.9488 


9.7121 


0.2879 


44 




17 


9.6462 


9.9526 9.6936 


0.8064 


9.6612 


9.9488 


9.7125 


0.2875 


48 




18 


9.6465 


9.95251 9.6939 


0.8061 


9.6615 


9.9487 


9.7128 


0.2872 


42 




19 


9.6467 


9.95251 9.6942 


0.3058 


9.6617 


9.9486 


9.7181 


0.2869 


41 




20 


9.6470 


9.9524' 9.6946 


0.8054 


9.6620 


9.9486 


9.7134 


0.2866 


40 




21 


9.6472 


9.9524| 9.6949 


0.8051 


9.6622 


9.9485 


9.7187 


0.2868 


89 




22 


9.6475 


9.9523, 9.6952 


0.8048 


9.6625 


9.9485 


9.7140 


0.2860 


88 




23 


9.6477 


9.9522; 9.6956 


0.8045 


9.6627 


9.9484 


9.7143 


0.2857 


87 




24 


9.6480 


9.9522 9.6958 


0.8042 


9.6629 


9.9483 


9.7146 


0.2854 


86 




25 


9.6483 


9.9521 9.6962 


0.3038 


9.6632 


9.9483 


9.7149 


0.2851 


85 




26 


9.6485 


9.9520: 9.6965 


0.8035 


9.6634 


9.9482 


9.7162 


0.2848 


84 




27 


9.6488 


9.9520 9.6968 


0.8082 


9.6637 


9.9481 


9.7156 


0.2844 


38 




28 


9.6490 


9.9519| 9.6971 


0.3029 


9.6639 


9.9481 


9.7159 


0.2841 


32 




29 


9.6493 


9.9619, 9.6974 


0.8026 


9.6642 


9.9480 


9.7162 


0.2838 


31 




80 


9.6495 


9.9518, 9.6977 


0.8028 


9.6644 


9.9479 


9.7165 


0.2835 


80 




31 


9.6498 


9.9617 


9.6981 


0.8019 


9.6646 


9.9478 


9.7168 


0.2832 


29 




32 


9.6500 


9.9517 


9.6984 


0.3016 


9.6649 


9.9478 


9.7171 


0.2829 


28 




33 


9.6503 


9.9516; 9.6987 


0.8018 


9.6651 


9.9477 


9.7174 


0.2826 


27 




84 


9.6506 


9.9515 


9.6990 


0.3010 


9.6654 


9.9477 


9.7177 


0.2823 


26 




85 


9.6508 


9.9515 


9.6998 


0.8007 


9.6656 


9.9476 


9.7180 


0.2820 


26 




86 


9.6610 


9.9514 


9.6996 


0.8004 


9.6659 


9.9475 


9.7183 


0.2817 


24 




87 


9.6518 


9.9513 


9.6999 


0.8001 


9.6661 


9.9475 


9.7186 


0.2814 


23 




88 


9.6515 


9.9513 


9.7008 


0.2997 


9.6663 


9.9474 


9.7189 


0.2811 


22 




89 


9.6518 


9.9512 


9.7006 


0.2994 


9.6666 


9.9478 


9.7192 


0.2808 


21 




40 


9.6521 


9.9512 


9.7009 


0.2991 


9.6668 


9.9478 


9.7196 


0.2804 


20 




41 


9.6523 


9.9511 


9.7012 


0.2988 


9.6671 


9.9472 


9.7199 


0.2801 


19 




42 


9.6526 


9.9510 


9.7015 


0.2985 


9.6673 


9.9471 


9.7202 


0.2798 


18 




48 


9.6528 


9.9510 


9.7018 


0.2982 


9.6675 


9.9471 


9.7205 


0.2795 


17 




44 


9.6581 


9.9509 


9.7022 


0.2978 


9.6678 


9.9470 


9.7208 


0.2792 


16 




46 


9.6538 


9.9508 


9.7025 


0.2976 


9.6680 


9.9469 


9.7211 


0.2789 


15 




46 


9.6686 


9.9508 


9.7028 


0.2972 


9.6683 


9.9469 


9.7214 


0.2786 


14 




4T 


9.6688 


9.9507 


9.7081 


0.2969 


9.6685 


9.9468 


9.7217 


0.2783 


18 




48 


9.6641 


9.9507 


9.7034 


0.2966 


9.6687 


9.9467 


9.7220 


0.2780 


12 




49 


9.6543 


9.9506 


9.7087 


0.2968 


9.6690 


9.9467 


9.7223 


0.2777 


11 




60 


9.6546 


9.9505 


9.7040 


0.2960 


9.6692 


9.9466 


9.7226 


0.2774 


10 




51 


9.6548 


9.9505 


9.7043 


0.2967 


9.6695 


9.9465 


9.7229 


0.2771 


9 




62 


9.6551 


9.9504 


9.7047 


0.2958 


9.6697 


9.9466 


9.7232 


0.2768 


8 




68 


9.6553 


9.9503 


9.7050 


0.2950 


9.6699 


9.9464 


9.7236 


0.2766 


7 




54 


9.6556 


9.9503 


9.7053 


0.2947 


9.6702 


9.9468 


9.7288 


0.2762 


6 




56 


9.6558 


9.9502 


9.7056 


0.2944 


9.6704 


9.9463 


9.7241 


0.2759 


6 




56 


9.6561 


9.9501 


9.7059 


0.2941 


9.6707 


9.9462 


9.7245 


0.2755 


4 




57 


9.6568 


9.9501 


9.7062 


0.2938 


9.6709 


9.9461 


9.7248 


0.2752 


8 




58 


9.6566 


9.9500 


9.7065 


0.2935 


9.6711 


9.9461 


9.7251 


0.2749 


2 




59 


9.6668 


9.9499 


9.7069 


0.2931 


9.6714 


9.9460 


9.7254 


0.2746 


1 




60 


9.6570 


9.9499 


9.7072 


0.2928 j 


9.6716 


9.9459 


9.7257 


0.2748 









Ooa. 


Slo. 


CoUof. 


Tang. 1 


Cos. 


Sin. I 


Cotwig. 


T«g. 






63» 1 


. 1 
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as* 1 


a9» 




Sin. 


Coo. 


Tang. 


CoUug. 


Sin. 


Cos. 


Tang, j Cotang. 


(y 


9.6716 


9.9459 


9.7257 


0.2743 


9.6856 


9.9418 


9.7438 


0.2562 


60^ 


I 


9,6718 


9.9459 


9.7260 


0.2740 


9.6858 


9.9417 


9.7440 


0.2560 


69 


2 


9.6721 


9.9458 


9.7263 


0.2737 


9.6860 


9.9417 


9.7443 


0.255X 


68 


8 


9.6723 


9.9457 


9.7266 


0.2784 


9.6863 


9.9416 


9.7446 


0.2554 


67 


4 


9.6726 


9.9457 


9.7269 


0.2781 


9.6865 


9.9415 


9.7449 


0.2551 


66 


5 


9.6728 


9.9456 


9,7271 


0.2728 


. 9.6867 


9.9416 


9.7452 


0.2548 


66 


6 


9.6780 


9.9455 


9.7275 


0.2725 


9.6869 


9.9414 


9.7455 


0.2545 


64 


7 


9.6788 


9.9455 


9.7278 


0.2722 


9.6872 


9.9413 


9.7458 


0.2542 


63 


8 


9.6736 


9.9454 


9.7281 


0.2719 


9.6874 


9.9413 


9.7461 


0.2539 


62 


9 


9.6787 


9.9453 


9.7284 


0.2716 


9.6876 


9.9412 


9.7464 


0.2536 


61 


10 


9.6740 


9.9453 


9.7287 


0.2713 


9.6878 


9.9411 


9.7467 


,0.2533 


60 


11 


9.6742 


9.9452 


9.7290 


0.2710 


9.6881 


9.9410 


9.7470 


0.2530 


49 


12 


9.6744 


9.9451 


9.7293 


0.2707 


9.6883 


9.9410 


9.7473 


0.2527 


48 


18 


9.6747 


9.9451 


9.7296 


0.2704 


9.6885 


9.9409 


9.7476 


0.2524 


47 


14 


9.6749 


9.9450 


9.7299 


0.2701 


9.6887 


9.9408 


9.7479 


0.2521 


46 


16 


9.6762 


9.9449 


9.7302 


0.2698 


9.6890 


9.9408 


9.7482 


0.2518 


45 


16 


9.6764 


9.9449 


9.7305 


0.2695 


9.6892 


9.9407 


9.7485 


0.2515 


44 


17 


9.6756 


9.9448 


9.7308 


0.2692 


9.6894 


9,9406 


9.7488 


0.2512 


43 


18 


9.6759 


9.9447 


9.7311 


0.2689 


9.6896 


9.9406 


9.7491 


0.2509 


42 


19 


9.6761 


9.9447 


9.7314 


0.2686 


9.6899 


9.9406 


9.7494 


0.2506 


41 


20 


9.6763 


9.9446 


9.7817 


0.2683 


9.6901 


9.9404 


9.7497 


0.2503 


40 


21 


9.6766 


9.9445 


9.7320 


0.2680 


9.6903 


9.9403 


9.7500 


0.2500 


89 


22 


9.6768 


9.9444 


9.7324 


0.2676 


9.6905 


9.9408 


9.7503 


0.2497 


88 


23 


9.6770 


9.9444 


9.7827 


0.2673 


9.6908 


9.9402 


9.7606 


0.2494 


87 


24 


9.6778 


9.9443 


9.7330 


0.2670 


9.6910 


9.9401 


9.7509 


0.2491 


86 


26 


9.6776 


9.9442 


9.7333 


0.2667 


9.6912 


9.9401 


9.7612 


0.2488 


86 


26 


9.6777 


9.9442 


9.7836 


0.2664 


9.6914 


9.9400 


9.7516 


0.2485 


34 


27 


9.6780 


9.9441 


9.7339 


0.2661 


9.6917 


9.9399 


9.7518 


0.2482 


38 


28 


9.6782 


9.9440 


9.7342 


0.2668 


9.6919 


9.9398 


9.7621 


0.2479 


82 


29 


9.6784 


9.9440 


9.7345 


0.2665 


9.6921 


9.9398 


9.7623 


0.2477 


81 


80 


9.6787 


9.9439 


9.7348 


0.2652 


9.6923 


9.9897 


9.7626 


0.2474 


80 


81 


9.6789 


9.9488 


9.7361 


0.2649 


9.6926 


9.9396 


9.7629 


0.2471 


29 


82 


9.6791 


9.9488 


9.7354 


0.2646 


9.6928 


9.9896 


9.7682 


0.2468 


28 


83 


9.6794 


9.9437 


9.7357 


0.2643 


9.6980 


9.9395 


9.7635 


0.2465 


27 


34 


9.6796 


9.9436 


9.7360 


0.2640 


9.6932 


9,9394 


9.7638 


0.2462 


26' 


86 


9.6798 


9.9486 


9.7363 


0.2687 


9.6935 


9.9393 


9.7641 


0.2459 


26 


36 


9.6801 


9.9485 


9.7366 


0.2634 


9.6937 


9.9898 


9.7644 


0.2456 


24 


37 


9.6803 


9.9484 


9.7369 


0.2681 


9.6939 


9.9392 


9.7647 


0.2453 


23 


88 


9.6805 


9.9433 


9.7372 


0.2628 


9.6941 


9.9391 


9.7560 


0.2450 


22 


39 


9.6808 


9.9483 


9.7876 


0.2625 


9.6943 


9.9891 


9.7568 


0.2447 


21 


40 


9.6810 


9.9482 


9.7378 


0.2622 


9.6946 


9.9890 


9.7666 


0.2444 


20 


41 


9.6812 


9.9481 


9.7881 


0.2619 


9.6948 


9.9389 


9.7669 


0.2441 


19 


42 


9.6814 


9.9481 


9.7384 


0.2616 


9.6950 


9.9388 


9.7662 


0.2438 


18 


43 


9.6817 


9.9480 


9.7387 


0.2618 


9.6952 


9.9388 


9.7665 


0.2435 


17 


44 


9.6819 


9.9429 


9.7390 


0.2610 


9.6065 


9.9387 


9.7568 


0.2432 


16 


46 


9.6821 


9.9429 


9.7393 


0.2607 


9.6957 


9.9386 


9.7571 


0.2429 


16 


46 


9.6824 


9.9428 


9.7396 


0.2604 


9.6959 


9.9385 


9.7578 


0.2427 


14 


47 


9.6826 


9.9427 


9.7399 


0.2601 


9.6961 


9.9886 


9.7676 


0.2424 


18 


48 


9.6828 


9.9427 


9.7402 


0.2598 


9.6963 


9.9384 


9.7679 


0.2421 


12 


49 


9.6831 


9.9426 


9.7406 


0.2595 


9.6966 


9.9883 


9.7582 


0.2418 


11 


60 


9.6883 


9.9425 


9.7408 


0.2592 


9.6968 


9.9383 


9.7585 


0.2415 


10 


61 


9.6836 


9.9424 


9:7411 


0.2589 


9.6970 


9.9382 


9.7588 


a2412 


9 


62 


9.6837 


9.9424 


9.7414 


0.2586 


9.6972 


9.9881 


9.7591 


0.2409 


8 


68 


9.6840 


9.9428 


9.7417 


0.2588 


9.6974 


9.9880 


9.7594 


0.2406 


7 


64 


9.6842 


9.9422 


9.7420 


0.2580 


9.6977 


9.9880 


9.7697 


0.2403 


6 


66 


9.6844 


9.9422 


9.7423 


0.2577 


9.6979 


9.9879 


9.7600 


0.2400 


6 


66 


9.6847 


9.9421 


9.7426 


0.2574 


9.6981 


9.9378 


9.7603 


0.2397 


4 


67 


9.6849 


9.9420 


9.7429 


0.2571 


9.6983 


9.9377 


9.7606 


a2894 


8 


68 


9.6861 


9.9420 


9.7432 


0.2568 


9.6985 


9.9877 


9.7609 


0.2891 


2 


69 


9.6868 


9.9419 


9.7435 


0.2666 


9.6988 


9.9876 


9.7611 


0.2889 


1 


60 


9.6866 


9.9418 


9.7438 


0.2562 


9.6990 


9.9875 


9.7614 


0.2886 







Oc 


Bin. 


Cotang. 


Twf. 1 


Cos. 


Sin. 


Cotang. 


Tang. 
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TABLE II. Logarithmic Stnes and TangenU. 






30» 1 


81« 




SIlL 


Go*. 


TMf. 


GoUng. 


Bin. 


Cofc 


Ttog. 


CW«jf. 


(y 


9.6990 


9.9876 


9.7614 


0.2386 


9.7118 


9.9881 


9.7788 


0.2212 


60* 


1 


9.6992 


9.9876 


9.7617 


0.2388 


9.7120 


9.9380 


9.7791 


0.2209 


69 


2 


9.6994 


9.9874 


9.7620 


0.2380 


9.7123 


9.9829 


9.7793 


0.2207 


68 


8 


9.6996 


9.9873 


9.7623 


0.2877 


9.7125 


9.9828 


9.7796 


0.2204 


67 


4 


9.6998 


9.9872 


9.7626 


0.2374 


9.7127 


9.9328 


9.7799 


0.2201 


66 


6 


9.7001 


9.9372 


9.7629 


0.2371 


9.7129 


9.9327 


9.7802 


0.2198 


66 


6 


9.7003 


9.9371 


9.7682 


0.2868 


9.7181 


9.9826 


9.7806 


0.2195 


64 


7 


9.7006 


9.9370 


9.7635 


0.2365 


9.7183 


9.9325 


9.7808 


0.2192 


63 


8 


9.7007 


9.9369 


9.7638 


0.2362 


9.7135 


9.9325 


9.7811 


0.2189 


62 


9 


9.7009 


9.9369 


9.7641 


0.2359 


9.7187 


9.9324 


9.7813 


0.2187 


61 


10 


9.7012 


9.9368 


9.7644 


0.2856 


9.7139 


9.9323 


9.7816 


0.2184 


60 


11 


9.7014 


9.9367 


9.7646 


0.2364 


9.7141 


9.9322 


9.7819 


0.2181 


49 


12 


9.7016 


9.9367 9.7649 


0.2361 


9.7144 


9.9322 


9.7822' 0.2178 


48 


13 


9.7018 


9.936G 


9.7662 


0.2348 


9.7146 


9.9321! 9.7825' 0.2175 


47 


14 


9.7020 


9.9365 


9.7655 


0.2345 


9.7148! 9.9320! 9.7828 


0.2172 


46 


16 


9.7022 


9.9364 


9.7658 


0.2342 


9.7160 


9.9319 


9.7881 


0.2169 


46 


16 


9.7026 


9.9364 


9.7661 


0.2339 


9.7152 


9.9318 


9.7883 


0.2167 


44 


17 


9.7027 


9.9363 


9.7664 


0.2336 


9.7164 


9.9318 


9.7836 


0.2164 


48 


18 


9.7029 


9.9362 


9.7667 


0.2333 


9.7156 


9.9317 


9.7889 


0.2161 


42 


19 


9.7031 


9.9361 


9.7670 


0.2380 


9.71681 9.9816 


9.7842 


0.2158 


41 


20 


9.7033 


9.9361 


9.7673 


0.2327 


9.7160 


9.9315 


9.7845 


0.2166 


40 


21 


9.7036 


9.9360 


9.7675 


0.2326 


9.7162 


9.9315 


9.7848 


0.2152 


39 


22 


9.7087 


9.9359 


9.7678 


0.2322 


9.7164 


9.9814 


9.7860 


0.2150 


88 


23 


9.7040 


9.9358 


9.7681 


0.2319 


9.7166 


9.9313 


9.7863 


0.2147 


87 


24 


9.7042 


9.9358 


9.7684 


0.2810 


9.7168 


9.9312 


9,7866 


0.2144 


36 


26 


9.7044 


9.9357 


9.7687 


0.2313 


9.7171 


9.9312 


9.7869 


0.2141 


86 


26 


9.7046 


9.9356 


9.7690 


0.2310 


9.7173 


9.9311 


9.7862 


0.2138 


84 


27 


9.7048 


9.9865 


9.7693 


0.2307 


9.7175 


9.9310 


9.7866 


0.2135 


83 


28 


9.7050 


9.9365 


9.7696 


0.2304 


9.7177 


9.9309 


9.7868 


0.2132 


82 


29 


9.7063 


9.9364 


9.7699 


0.2301 


9.7179 


9.9308 


9.7870 


0.2130 


81 


80 


9.7065 


9.9853 


9.7701 


0.2299 


9.7181 


9.9308 


9.7873 


0.2127 


80 


31 


9.7057 


9.9862 


9.7704 


0.2296 


9.7183 


9.9307 


9.7876 


0.2124 


29 


82 


9.7069 


9.9362 


9.7707 


0.2293 


9.7185 


9.9306 


9.7879 


0.2121 


28 


83 


9.7061 


9.9351 


9.7710 


0.2290 


9.7187 


9.9305 


9.7882 


0.2118 


27 


84 


9.7063 


9.9350 


9.7718 


0.2287 


9.7189 


9.9305 


9.7885 


0.2115 


26 


86 


9.7066 


9.9349 


9.7716 


0.2284 


9.7191 


9.9804 


9.7887 


0.2113 


26 


86 


9.7068 


9.9349 


9.7719 


0.2281 


9.7193 


9.9803 


9.7890 


0.2110 


24 


87 


9.7070 


9.9348 


9.7722 


0.2278 


9.7195 


9.9302 


9.7893 


0.2107 


23 


88 


9.7072 


9.9347 


9.7725 


0.2275 


9.7197 


9.9801 


9.7896 


0.2104 


22 


89 


9.7074 


9.9346 


9.7727 


0.2273 


9.7199 


9.9301 


9.7899 


0.2101 


21 


40 


9.7076 


9.9346 


0.7730 


0.2270 


9.7201 


9.9300 


9.7902 


0.2098 


20 


41 


9.7078 


9.9346 


9.7783 


0.2267 


9.7203 


9.9299 


9.7904 


0.2096 


19 


42 


9.7080 


9.9344 


9.7786 


0.2264 


9.7206 


9.9298 


9.7907 


0.2098* 18 1 


43 


9.7082 


9.9348 


9.7789 


0.2261 


9.7208 


9.9298 


9.7910 


0.2090 


17 


44 


9.7085 


9.9843 


9.7742 


0.2258 


9.7210 


9.9297 


9.7913 


0.2087 


16 


46 


9.7087 


9.9342 


9.7745 


0.2255 


9.7212 


9.9296 


9.7916 


0.2084 


16 


46 


9.7089 


9.9841 


9.7748 


0.2262 


9.7214 


9.9295 


9.7918 


0.2082 


14 


47 


9.7091 


9.9340 


9.7760 


0.2250 


9.7216 


9.9294 


9.7921 


0.2079 


18 


48 


9.7093 


9.9340 


9.7768 


0.2247 


9.7218 


9.9294 


9.7924 


0.2076 


12 


49 


9.7096 


9.9389 


9.7766 


0.2244 


9.7220 


9.9293 


9.7927 


0.2073 


11 


60 


9.7097 


9.9888 


9.7769 


0.2241 


9.7222 


9.9292 


9.7980 


0.2070 


10 


61 


9.7099 


9.9887 


9.7762 


0.2288 


9.7224 


9.9291 


9.7988 


0.2067 


9 


62 


9.7102 


9.9837 


9.7765 


0.2285 


9.7226 


9.9291 


9.7935 


0.2066 


8 


68 


9.7104 


9.9886 


9.7768 


0.2282 


9.7228 


9.9290 


9.7988 


0.2062 


7 


64 


9.7106 


9.9386 


9.7771 


0.2229 


9.7280 


9.9289 


9.7941 


0.2059 


6 


66 


9.7108 


9.9884 


9.7778 


0.2227 


9.7282 


9.9288 


9.7944 


0.2066 


6 


66 


9.7110 


9.9384 


9.7776 


0.2224 


9.7234 


9.9287 


9.7947 


0.2063 


4 


67 


9.7112 


9.9888 


9.7779 


0.2221 


9.7286 


9.9287 


9.7949 


0.2061 


8 


68 


9.7114 


9.V882 


9.7782 


0.2218 


9.7288 


9.9286 


9.7962 


0.2048 


2 


69 


9.7116 


9.9881 


9.7786 


0.2216 


9.7240 


9.9286 


9.7966 


0.2046 


1 


60 


9.7118 


9.9831 


9.7788 


0.2212 


9.7242 


9.9284 


9.7968 


0.2042 







Ooa. 


Sin. 
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1 


'ABLF 


n. Logarithmic Sines and 


Tangents. 


S 




aao 1 


330 




81n. 


Cm. 


Tang. 


CoUog. 


Sin. 


Cos. 


Tang. 


Cotang. 




0' 


9.7242 


9.9284 


9.7958 


0.2042 


9.7861 


9.9236 


9.8126 


0.1876 


eo' 


1 


9.7244 


9.9283 


9.7961 


0.2039 


9.7863 


9.9285 


9.8128 


0.1872 


69 


2 


9.7246 


9.9283 


9.7964 


0.2086 


9.7366 


9.9284 


9.8181 


0.1869 


58 


8 


9.7248 


9.-9282 


9.7966 


0.2034 


9.7867 


9.9233 


9.8133 


0.1867 


67 


4 


9.7260 


9.9281 


9.7969 


0.2081 


9.7369 


9.9288 


9.8186 


0.1864 


66 


6 


9.7252 


9.9280 


9.7972 


0.2028 


9.7871 


9.9282 


9.8139 


0.1861 


66 


6 


9.7254 


9.9279 


9.7975 


0.2026 


9.7873 


9.9281 


9.8142 


0.1858 


64 


7 


9.7256 


9.9279 


9.7978 


0.2022 


9.7376 


9.9230 


9.8146 


0.1866 


63 


8 


9.7258 


9.9278 


9.7980 


0.2020 


9.7877 


9.9229 


9.8147 


0.1868 


62 


9 


9.7260 


9.9277 


9.7983 


0.2017 


9.7379 


9.9229 


9.8150 


0.1860 


51 


10 


9.7262 


9.9276 


9.7986 


0.2014 


9.7380 


9.9228 


9.8153 


0.1847 


50 


11 


9.7264 


9.9276 


9.7989 


0.2011 


9.7882 


9.9227 


9.8166 


0.1844 


49 


12 


9.7266 


9.9276 


9.7992 


0.2008 


9.7384 


9.9226 


9.8158 


0.1842 


48 


13 


9.7268 


9.9274 


9.7994 


0.2006 


9.7886 


9.9225 


9.8161 


0.1839 


47 


14 


9.7270 


9.9273 


9.7997 


0.2008 


9.7388 


9.9224 


9.8164 


0.1836 


46 


16 


9.7272 


9.9272 


9.8000 


0.2000 


9.7390 


9.9224 


9.8167 


0.1833 


45 


16 


9.7274 


9.9272 


9.8003 


0.1997 


9.7892 


9.9228 


9.8169 


0.1881 


44 


17 


9.7276 


9.9271 


9.8006 


0.1994 


9.7394 


9.9222 


9.8172 


0.1828 


43 


18 


9.7278 


9.9270 


9.8008 


0.1992 


9.7396 


9.9221 


9.8176 


0.1826 


42 


19 


9.7280 


9.9269 


9.8011 


0.1989 


9.7398 


9.9220 


9.8178 


0.1822 


41 


20 


9.7282 


9.9268 


9.8014 


0.1986 


9.7400 


9.9219 


9.8180 


0.1820 


40 


21 


9.7284 


9.9268 


9.8017 


0.1988 


9.7402 


9.9219 


9.8183 


0.1817 


39 


22 


9.7286 


9.9267 


9.8020 


0.1980 


9.7404 


9.9218 


9.8186 


0.1814 


88 


23 


9.7288 


9.9266 


9.8022 


0.1978 


9.7406 


9.9217 


9.8189 


0.1811 


37 


24 


9.7290 


9.9265 


9.8025 


0.1976 


9.7407 


9.9216 


9.8191 


0.1809 


30 


26 


9.7292 


9.9264 


9.8028 


0.1972 


9.7409 


9.9216 


9.8194 


0.1806 


36 


26 


9.7294 


9.9264 


9.8081 


0.1969 


9.7411 


9.9214 


9.8197 


0.1803 


34 


27 


9.7296 


9.9263 


9.8084 


0.1966 


9.7413 


9.9214 


9.8200 


0.1800 


33 


28 


9.7298 


9.9262 


9.8086 


0.1964 


9.7416 


9.9213 


9.8202 


0.1798 


32 


29 


9.7800 


9.9261 


9.8039 


0.1961 


9.7417 


9.9212 


9.8205 


0.1796 


31 


80 


9.7802 


9.9260 


9.8042 


0.1968 


9.7419 


9.9211 


9.8208 


0.1792 


80 


31 


9.7804 


9.9259 


9.8045 


0.1956 


9.7421 


9.9210 


9.8211 


0.1789 


29 


82 


9.7306 


9.9259 


9.8047 


0.1953 


9.7423 


9.9209 


9.8213 


0.1787 


28 


83 


9.7308 


9.9258 


9.8050 


0.1950 


9.7425 


9.9209 


9.8216 


0.1784 


27 


84 


9.7310 


9.9257 


9.8053 


0.1947 


9.7427 


9.9208 


9.8219 


0.1781 


26 


36 


9.7812 


9.9256 


9.8056 


0.1944 


9.7428 


9.9207 


9.8222 


0.1778 


25 


36 


9.7314 


9.9266 


9.8059 


0.1941 


9.7430 


9.9206 


9.8224 


0.1776 


24 


37 


9.7816 


9.9255 


9.8061 


0.1989 


9.7432 


9.9206 


9.8227 


0.1773 


23 


88 


9.7318 


9.9254 


9.8064 


0.1936 


9.7434 


9.9204 


9.8230 


0.1770 


22 


39 


9.7820 


9.9258 


9.8067 


0.1933 


9.7436 


9.9204 


9.8283 


0.1767 


21 


40 


9.7822 


9.9252 


9.8070 


0.1980 


9.7488 


9.9203 


9.8285 


0.1765 


20 


41 


9.7824 


9.9261 


9.8072 


0.1928 


9.7440 


9.9202 


9.8288 


0.1762 


19 


42 


9.7326 


9.9251 


9.8075 


0.1925 


9.7442 


9.9201 


9.8241 


0.1759 


18 


48 


9.7828 


9.9250 


9.8078 


0.1922 


9.7444 


9.9200 


9.8243 


0.1767 


17 


44 


9.7330 


9.9249 


9.8081 


0.1919 


9.7445 


9.9199 


9.8246 


0.1754 


16 


46 


9.7832 


9.9248 


9.8084 


0.1916 


9.7447 


9.9198 


9.8249 


0.1751 


15 


46 


9.7834 


9.9247 


9.8086 


0.1914 


9.7449 


9.9198 


9.8262 


0.17481 14 


47 


9.7386 


9.9247 


9.8089 


0.1911 


9.7451 


9.9197 


9.8264 


0.1746 


13 


48 


9.7388 


9.9246 


9.8092 


0.1908 


9.7453 


9.9196 


9.8257 


0.1743 


12 


49 


9.7340 


9.9245 


9.8095 


0.1906 


9.7455 


9.9195 


9.8260 


0.1740 


11 


60 


.9.7342 


9.9244 


9.8097 


0.1908 


9.7467 


9.9194 


9.8263 


0.1737 


10 


61 


9.7844 


9.9243 


9.8100 


0.1900 


9.7459 


9.9193 


9.8266 


0.1786 


9 


62 


9.7845 


9.9242 


9.8103 


0.1897 


9.7461 


9.9193 


9.8268 


0.1732 


8 


63 


9.7847 


9.9242 


9.8106 


0.1894 


9.7462 


9.9192 


9.8271 


0.1729 


7 


64 


9.7349 


9.9241 


9.8109 


0.1891 


9.7464 


9.9191 


9.8274 


0.1726 


6 


66 


9.7851 


9.9240 


9.8111 


0.1889 


9.7466 


9.9190 


9.8276 


0.1724 


6 


66 


9.7363 


9.9239 


9.8114 


0.1886 


9.7468 


9.9189 


9.8279 


0.1721 


4 


67 


9.7365 


9.9288 


9.8117 


0.1888 


9.7470 


9.9188 


9.8282 


0.1718 


3 


68 


9.7367 


9.9288 


9.8120 


0.1880 


9.7472 


9.9187 


9.8284 


0.1716 


2 


69 


9.7359 


9.9287 


9.8122 


0.1878 


9.7474 


9.9187 


9.8287 


0.1713 


1 


60 


9.7861 


9.9286 


9.8125 


0.1876 


9.7476 


9.9186 


9.8290 


0.1710 
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TABLE n. Logarithmic Sines and 


Tangents. 






a*' 1 


35«» 




Sin. 


Co0. 


Tang. 


Coung. 


Sin. 


Ooa. 


Tang. 


Ootang. 


(y 


9.7476 


9.9186 


9.8290 


0.1710 


9.7586 


9.9134 


9.8452 


0.1548 


60' 


1 


9.7477 


9.9186 


9.8298 


0.1707 


9.7588 


9.9183 


9.8466 


0.1646 


69 


2 


9.7479 


9.9184 


9.8296 


0.1706 


9.7590 


9.9132 


9.8458 


0.1542 


68 


8 


9.7481 


9.9183 


9.8298 


0.1702 


9.7591 


9.9181 


9.8460 


0.1640 


67 


4 


9.7483 


9.9182 


9.8301 


0.1699 


9.7598 


9.9180 


9.8468 


0.1637 


56 


5 


9.7486 


9.9181 


9.8303 


0.1697 


9.7695 


9.9129 


9.8466 


0.1584 


66 


6 


9.7487 


9.9181 


9.8306 


0.1694 


9.7697 


9.9128 


9.8468 


0.1582 


64 


7 


9.7489 


9.9180 


9.8309 


0.1691 


9.7599 


9.9127 


9.8471 


0.1629 


63 


8 


9.7491 


9.9179 


9.8312 


0.1688 


9.7600 


9.9127 


9.8474 


0.1626 


62 


9 


9.7492 


9.9178 


9.8314 


0.1686 


9.7602 


9.9126 


9.8476 


0.1624 


61 


10 


9.7494 


9.9177 


9.8817 


0.1688 


9.7604 


9.9126 


9.8479 


0.1621 


60 


11 


9.7496 


9.9176 


9.8320 


0.1680 


9.7606 


9.9124 


9.8482 


0.1518 


49 


12 


9.7498 


9.9176 


9.8323 


0.1677 


9.7607 


9.9123 


9.8484 


0.1516, 48 t 


18 


9.7500 


9.9176 


9.8825 


0.1676 


9.7609 


9.9122 


9.8487 


0.1513 


47 


14 


9.7602 


9.9174 


9.8328 


0.1672 


9.7611 


9.9121 


9.8490 


0.1610 


46 


16 


9.7604 


9.9173 


9.8331 


0.1669 


9.7613 


9.9120 


9.8493 


0.1507 


46 


16 


9.7605 


9.9172 


9.8333 


0.1667 


9.7615 


9.9119 


9.8496 


0.1505 


44 


17 


9.7607 


9.9171 


9.8336 


0.1664 


9.7616 


9.9119 


9.8498 


0.1602 


43 


18 


9.7609 


9.9170 


9.8339 


0.1661 


9.7618 


9.9118 


9.8501 


0.1499 


42 


19 


9.7611 


9.9169 


9.8342 


0.1668 


9.7620 


9.9117 


9.8508 


0.1497 


41 


20 


9.7613 


9.9169 


9.8344 


0.1656 


9.7622 


9.9116 


9.8606 


0.1494 


40 


21 


9.7516 


9.9168 


9.8347 


0.1653 


9.7624 


9.9115 


9.8609 


0.1491 


89 


22 


9.7617 


9.9167 


9.8360 


0.1650 


9.7625 


9.9114 


9.8611 


0.1489 


88 


28 


9.7618 


9.9166 


9.8362 


0.1648 


9.7627 


9.9118 


9.8614 


0.1486 


87 


24 


9.7620 


9.9165 


9.8356 


0.1646 


9.7629 


9.9112 


9.8517 


0.1488 


86 


26 


9.7622 


9.9164 


9.8358 


0.1642 


9.7681 


9.9111 


9.8619 


0.1481 


86 


26 


9.7624 


9.9163 


9.8361 


0.1639 


9.7632 


9.9110 


9.8522 


0.1478 


84 


27 


9.7626 


9.9163 


9.8363 


0.1637 


9.7684 


9.9110 


9.8625 


0.1475 


38 


28 


9.7628 


9.9162 


9.8366 


0.1634 


9.7686 


9.9109 


9.8527 


0.1478 


82 


29 


9.7629 


9.9161 


9.8369 


0.1631 


9.7638 


9.9108 


9.8530 


0.1470 


81 


80 


9.7681 


9.9160 


9.8371 


0.1629 


9.7640 


9.9107 


9.8533 


0.1467 


80 


81 


9.7688 


9.9169 


9.8874 


0.1626 


9.7641 


9.9106 


9.8585 


0.1466 


29 


82 


9.7686 


9.9168 


9.8377 


0.1623 


9.7648 


9.9106 


9.8538 


0.1462 


28 


88 


9.7637 


9.9167 


9.8379 


0.1621 


9.7645 


9.9104 


9.8641 


0.1459 


27 


84 


9.7689 


9.9166 


9.8382 


0.1618 


9.7647 


9.9108 


9.8648 


0.1467 


26 


86 


9.7640 


9.9166 


9.8386 


0.1616 


9.7649 


9.9102 


9.8646 


0.1464 


25 


86 


9.7642 


9.9166 


9.8888 


0.1612 


9.7650 


9.9101 


9.8549 


0.1461 


24 


87 


9.7644 


9.9164 


9.8390 


0.1610 


9.7652 


9.9101 


9.8661 


0.1449 


28 


86 


9.7646 


9.9168 


9.8898 


0.1607 


9.7654 


9.9100 


9.8564 


0.1446 


22 


89 


9.7648 


9.9162 


9.8896 


0.1604 


9.7656 


9.9099 


9.8667 


0.1448 


21 


40 


9.7660 


9.9161 


9.8398 


0.1602 


9.7657 


9.9098 


9.8559 


0.1441 


20 


41 


9.7661 


9.9160 


9.8401 


0.1699 


9.7659 


9.9097 


9.8662 


0.1488 


19 


42 


9.7668 


9.9149 


9.8404 


0.1696 


9.7661 


9.9096 


9.8666 


0.1486 


18 


43 


9.7666 


9.9149 


9.8406 


0.1694 


9.7662 


9.9096 


9.8567 


0.1483 


17 


44 


9.7667 


9.9148 


9.8409 


0.1691 


9.7664 


9.9094 


9.8570 


0.1480 


16 


46 


9.7669 


9.9147 


9.8412 


0.1688 


9.7666 


9.9098 


9.8578 


0.1427 


15 


46 


9.7661 


9.9146 


9.8416 


0.1685 


9.7668 


9.9092 


9.8676 


0.1426 


14 


47 


9.7662 


9.9146 


9.8417 


0.1688 


9.7669 


9.9091 


9.8678 


0.1422 


18 


48 


9.7664 


9.9144 


9.8420 


0.1680 


9.7671 


9.9091 


9.8681 


0.1419 


12 


49 


9.7666 


9.9148 


9.8423 


0.1677 


9.7673 


9.9090 


9.8588 


0.1417 


11 


60 


9.7668 


9.9142 


9.8426 


0.1675 


9.7676 


9.9089 


9.8686 


0.1414 


10 


61 


9.7670 


9.9142 


9.8428 


0.1672 


9.7676 


9.9088 


9.8689 


0.1411 


9 


62 


9.7671 


9.9141 


9.8481 


0.1669 


9.7678 


9.9087 


9.8691 


0.1409 


8 


68 


9.7678 


9.9140 


9.8488 


0.1667 


9.7680 


9.9086 


9.8694 


0.1406 


7 


64 


9.7675 


9.9189 


9.8436 


0.1564 


9.7682 


9.9085 


9.8697 


0.1408 


6 


66 


9.7677 


9.9188 


9.8489 


0.1661 


9.7688 


9.9084 


9.8699 


0.1401 


5 


66 


9.7679 


9.9187 


9.8442 


0.1668 


9.7685 


9.9088 


9.8602 


0.1898 


4 


67 


9.7680 


9.9186 


9.8444 


0.1666 


9.7687 


9.9082 


9.8606 


0.1396 


8 


68 


9.7682 


9.9186 


9.8447 


0.1668 


9.7689 


9.9081 


9.8607 


0.1898 


2 


69 


9.7684 


9.9186 


9.8460 


0.1660 


9.7690 


9.9080 


9.8610 


0.1890 


1 


60 


9.7686 


9.9184 


9.8462 


0.1648 


9.7692 


9.9080 


9.8618 


0.1887 
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TABLE II. Logarithmic Sines and 


Tangents. 


2 


0' 


36- 


1 37- 




&hi. 
9.7692 


Cos. 


Tang. 


€ot«ng. 


Sin. 


Cos. 


Tang. 


Cotang. 


9.9080 


9.8613 


0.1387 


9.7795 


9.9028 


9.8771 


0.1229 


eo' 


1 


9.7694 


9.9079 


9.8616 


0.1885 


9.7796 


9.9023 


9.8774 


0.1226 


69 


2 


9.7696 


9.9078 


9.8618 


0.1882 


9.7798 


9.9022 


9.8776 


0.1224 


68 


8 


9.7697 


9.9077 


9.8621 


0.1879 


9.7800 


9.9021 


9.8779 


0.1221 


67 


4 


9.7699 


9.9076 


9.8623 


0.1877 


9.7801 


9.9020 


9.8782 


0.1218 


66 


6 


9.7701 


9.9075 


9.8626 


0.1374 


9.7808 


9.9019 


9.8784 


0.1216 


66 


6 


9.7703 


9.9074 


9.8629 


0.1871 


9.7806 


9.9018 


9.8787 


0.1218 


64 


7 


9.7704 


9.9073 


9.8631 


0.1869 


9.7806 


9.9017 


9.8790 


0.1210 


68 


8 


9.7706 


9.9072 


9.8634 


0.1866 


9.7808 


9.9016 


9.8792 


0.1208 


52 


9 


9.7708 


9.9071 


9.8687 


0.1368 


9.7810 


9.9015 


9.8796 


0.1205 


61 


10 


9.7710 


9.9070 


9.8689 


0.1361 


9.7811 


9.9014 


9.8797 


0.1208 


60 


11 


9.7711 


9.9069 


9.8642 


0.1368 


9.7818 


9.9013 


9.8800 


0.1200 


49 


12 


9.7718 


9.9069 


9.8644 


0.1856 


9.7815 


9.9012 


9.8808 


0.1197 


48 


13 


9.7716 


9.9068 


9.8647 


0.1868 


9.7816 


9.9011 


9.8806 


0.1196 


47 


14 


9.7716 


9.9067 


9.8650 


0.1850 


9.7818 


9.9010! 9.8808 


0.1192 


46 


16 


9.7718 


9.9066 


9.8662 


0.1848 


9.7820 


9.9009 


9.8811 


0.1189 


46 


16 


9.7720 


9.9066 


9.8665 


0.1846 


9.7821 


9.9008 


9.8818 


0.1187 


44 


17 


9.7722 


9.9064 


9.8658 


0.1842 


9.7823 


9.9007 


9.8816 


0.1184 


48 


18 


9.7723 


9.9063 


9.8660 


0.1340 


9.7825 


9.9006 


9.8818 


0.1182 


42 


19 


9.7726 


9.9062 


9.8663 


0.1387 


9.7826 


9.9006 


9.8821 


0.1179 


41 


20 


9.7727 


9.9061 


9.8666 


0.1884 


9.7828 


9.9004 


9.8824 


0.1176 


40 


21 


9.7728 


9.9060 


9.8668 


0.1382 


9.7880 


9.90081 9.8826 


0.1174 


89 


22 


9.7780 


9.9059 


9.8671 


0.1329 


9.7881 


9.9002 


9.8829 


0.1171 


88 


28 


9.7732 


9.9058 


9.8674 


0.1826 


9.7888 


9.9001 


9.8881 


0.1169 


87 


24 


9.7734 


9.9067 


9.8676 


0.1324 


9.7885 


9.9000 


9.8834 


0.1166 


86 


26 


9.7786 


9.9056 


9.8679 


0.1821 


9.7886 


9.9000 


9.8887 


0.1163 


86 


26 


9.7737 


9.9056 


9.8682 


0.1818 


9.7888 


9.8999 


9.8889 


0.1161 


84 


27 


9.7789 


9.9055 


9.8684 


0.1316 


9.7840 


9.8998 


9.8842 


0.1168 


88 


28 


9.7740 


9.9054 


9.8687 


0.1813 


9.7841 


9.8997 


9.8846 


0.1165 


82 


29 


9.7742 


9.9063 


9.8689 


0.1811 


9.7848 


9.8996 


9.8847 


0.1153 


81 


80 


9.7744 


9.9052 


9.8692 


0.1808 


9.7844 


9.8995 


9.8850 


0.1150 


30 


81 


9.7746 


9.9061 


9.8695 


0.1806 


9.7846 


9.8994 


9.8852 


0.1148 


29 


32 


9.7747 


9.9050 


9.8697 


0.1808 


9.7848 


9.8998 


9.8866 


0.1145 


28 


88 


9.7749 


9.9049 


9.8700 


0.1300 


9.7849 


9.8992' 9.8868 


0.1142 


27 


84 


9.7761 


9.9048 


9.8703 


0.1297 


9.7851 


9.89911 9.8860 


0.1140 


26 


86 


9.7762 


9.9047 


9.8705 


0.1296 


9.7853 


9.8990 


9.8808 


0.1187 


26 


86 


9.7764 


9.9046 


9.8708 


0.1292 


9.7864 


9.8989 


9.8866 


0.1185 


24 


87 


9.7766 


9.9045 


9.8711 


0.1289 


9.7856 


9.8988 


9.8868 


0.1182 


28 


88 


9.7768 


9.9044 


9.8718 


0.1287 


9.7868 


9.8987 


9.8871 


0.1129 


22 


89 


9.7769 


9.904« 


9.8716 


0.1284 


9.7869 


9.8986 


9.8878 


0.1127 


21 


40 


9.7761 


9.9042 


9.8718 


0.1282 


9.7861 


9.8986 


9.8876 


0.1124 


20 


41 


9.7768 


9.9041 


9.8721 


0.1279 


9.7863 


9.8984 


9.8879 


0.1121 


19 


42 


9.7764 


9.9041 


9.8724 


0.1276 


9.7864 


9.8988 


9.8881 


0.1119 


18 


48 


9.7766 


9.9040 


9.8726 


0.1274 


9.7366 


9.8982 


9.8884 


0.1116 


17 


44 


9.7768 


9.9089 


9.8729 


0.1271 


9.7867 


9.8981 


9.8886 


0.1114 


16 


45 


9.7769 


9.9038 


9.8782 


0.1268 


9.7869 


9.8980 


9.8889 


0.1111 


16 


46 


9.7771 


9.9037 


9.8734 


0.1266 


9.7871 


9.8979 


9.8892 


0.1108 


14 


47 


9.7773 


9.9036 


9.8787 


0.1268 


9.7872 


9.8978 


9.8894 


0.1106 


18 


48 


9.7774 


9.9036 


9.8740 


0.1260 


9.7874 


9.8977 


9.8897 


0.1108 


12 


49 


9.7776 


9.9034 


9.8742 


0.1258 


9.7876 


9.8976 


9.8899 


0.1101 


11 


60 


9.7778 


9.9033 


9.8745 


0.1266 


9.7877 


9.8976 


9.8902 


0.1098 


10 


51 


9.7780 


9.9082 


9.8747 


0.1268 


9.7879 


9.8974 


9.8906 


0.1096 


9 


62 


9.7781 


9.9031 


9.8750 


0.1260 


9.7880 


9.8978 


9.8907 


0.1098 


8 


58 


9.77831 9.9080 


9.8753 


0.1247 


9.7882 


9.8972 


9.8910 


0.1090 


7 


64 


9.7785 


9.9029 


9.8755 


0.1246 


9.7884 


9.8971 


9.8912 


0.1088 


6 


66 


9.778C 


9.9028 


9.8758 


0.1242 


9.7885 


9.8970 


9.8916 


0.1085 


6 


66 


9.7788 


9.9027 


9.8761 


0.1289 


9.7887 


9.8969 


9.8918 


0.1082 


4 


67 


9.7790 


9.9026 


9.8763 


0.1287 


9.7889 


9.8968 


9.8920 


0.1080 


8 


68 


9.7791 


9.9025 


9.8766 


0.1284 


9.7890 


9.8967 


9.8928 


0.1077 


2 


69 


9.7798 


9.9024 


9.8769 


0.1281 


9.7892 


9.8966 


9.8926 


0.1075 


1 


60 


9.7796 


9.9023 


9.8771 


0.1229 


9.7898 


9.8966 


9.8928 


0.1072 




8' 




Cos. 


Sin. 


Cotang. 


Tang. 


Oos. 


Sin. 


CoUng. 


Tang. 


1 
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G 
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38«» 


1 




39« 




Sin. 


Cot. 


Tang. 


Cotang. 


Sin. 


Cos. 


Tang. 


OoteDg. 


'T 


9.7893 


9.8965 


9.8928 


0.1072 


9.7989 


9.8905 


9.9084 


0.0916 


m 


1 


9.7895 


9.8964 


9.8931 


0.1069 


9.7990 


9.8904 


9.9086 


0.0914 


69 


n 


9.7897 


9.8963 


9.8933 


0.1067 


9.7992 


9.8903 


9.9089 


0.0911 


58 


8 


9.7898 


9.8962 


9.8936 


0.1064 


9.7993 


9.8902 


9.9091 


0.0909 


67 


4 


9.7900 


9.8901 


9.8939 


0.1061 


9.7995 


9.8901 


9,9094 


0.0906; 56 1 


5 


9.7901 


9.8960 


9.8941 


0.1059 


9.7997 


9.8900 


9.9097 


0.0903 


55 


6 


9.7903 


9.8969 


9.8944 


0.1056 


9.7998 


9.8899 


9.9099 


0.0901 


64 


7 


9.7905 


9.8958 


9.8946 


0.1054 


9.8000 


9.8898 


9.9102 


0.0898 


68 


8 


9.7906 


9.8957 


9.8949 


0.1051 


9.8001 


9.8897 


9.9104 


0.0896 


52 


9 


9.7908 


9.8956 


9.8952 


0.1048 


9.8003 


9.8896 


9.9107 


0.0893; 51 1 


10 


9.7910 


9.8955 


9.8954 


0.1046 


9.8004 


9.8895 


9.9110 


0.0890 


50 


11 


9.7911 


9.8954 


9.8957 


0.1043 


9.8006 


9.8894 


9.9112 


0.0888 


49 


12 


9.7913 


9.8953 


9.8959 


0.1041 


9.8007 


9.8893 


9.9115 


0.08851 48 1 


18 


9.7914 


9.8952 


9.8962 


0.1038 


9.8009 


9.8892 


9.9117 


0.0883 


47 


U 


9.7916 


9.8951 


9.8965 


0.1035 


9.8010 


9.8891 


9.9120 


0.0880 


46 


15 


9.7918 


9.8950 


9.8967 


0.1038 


9.8012 


9.8890 


9.9122 


0.0878 


45 


16 


9.7919 


9.8949 


9.8970 


0.1030 


9.8014 


9.8889 


9.9125 


0.0875 


44 


17 


9.7921 


9.8948 


9.8972 


0.1028 


9.8015 


9.8888 


9.9128 


0.0872 


43 


18 


9.7922 


9.8947 


9.8975 


0.1025 


9.8017 


9.8887 


9.9130 


0.0870 


42 


19 


9.7924 


9.8946 


9.8978 


0.1022 


9.8018 


9.8885 


9.9133 


0.0867 


41 


20 


9.7920 


9.8945 


9.8980 


0.1020 


9.8020 


9.8884 


9.9135 


0.0865 


40 


21 


9.7927 


9.8944 


9.8983 


0.1017 


9.8021 


9.8883i 9.9138 


0.0862 


39 


22 


9.7929 


9.8943 


9.8985 


0.1015 


9.8023 


9.88821 9.9140 


0.0860 


38 


23 


9.7930 


9.8942 


9.8988 


0.1012 


9.8024 


9.8881 9.9143 


0.0857 


87 


24 


9.7932 


9.8941 


9.8990 


0.1010 


9.8026 


9.8880 9.9146 


0.0854 


86 


25 


9.7934 


9.8940 


9.8993 


0.1007 


9.8027 


9.88791 9.9148 


0.0852 


86 


26 


9.7935 


9.8989 


9.8996 


0.1004 


9.80291 9.8878i 9.9151 


0.0849 


84 


27 


9.7937 


9.8938 


9.8998 


0.1002 


1 9.8031 


9.8877 


9.9153 


0.0847 


83 


28 


9.7938 


9.8987 


9.9001 


0.0999 


9.8032 


9.8876 


9.9156 


0.0844 


82 


29 


9.7940 


9.8936 


9.9008 


0.0997 


9.8034 


9.8875 


9.9158 


0.0842 


81 


30 


9.7941 


9.8935 


9.9006 


0.0994 


9.8035 


9.8874 


9.9161 


0.0889 


80 


81 


9.7948 


9.8934 


9.9009 


0.0991 


9.8037 


9.8873 


9.9164 


0.0886 


29 


82 


9.7945 


9.8933 


9.9011 


0.0989 


9.8038 


9.8872 


9.9166 


0.0884 


28 


83 


9.7946 


9.8932 


9.9014 


0.0986 


9.8040 


9.8871 


9.9169 


0.0831 


27 


84 


9.7948 


9.8931 


9.9016 


0.0984 


9.8041 


9.8870 


9.9171 


0.0829 


26 


35 


9.7949 


9.8930 


9.9019 


0.0981 


9.8043 


9.8869 


9.9174 


0.0826 


26 


86 


9.7951 


9.8929 


9.9022 


0.0978 


9.8044 


9.8868 


9.9176 


0.0824 


24 


37 


9.7958 


9.8928 


9.9024 


0.0976 


9.8046 


9.8867 


9.9179 


0.0821 


28 


88 


9.7954 


9.8927 


9.9027 


0.0978 


9.8047 


9.8866 


9.9182 


0.0818 


22 


89 


9.7956 


9.8926 


9.9029 


0.0971 


9.8049 


9.88651 9.9184 


0.0816 


21 


40 


9.7957 


9.8925 


9.9032 


0.0968 


9.8050 


9.8864 


9.9187 


0.0818 


20 


41 


9.7959 


9.8924 


9.9035 


0.0965 


9.8052 


9.8863 


9.9189 


0.0811 


19 


42 


9.7960 


9.8928 


9.9037 


0.0963 


9.8053 


9.8862' 9.9192 


0.0808 


18 


43 


9.7962 


9.8922 


9.9040 


0.0960 


9.8055 


9.8860,' 9.9194 


0.0806 


17 


44 


9.7964 


9.8921 


9.9042 


0.0958 


9.8056 


9.8859 9.9197 


0.0803 


16 


45 


9.7965 


9.8920 


9.9045 


0.0955 


9.8058 


9.8858 


9.9200 


0.0800 


15 


46 


9.7.967 


9.8919 


9.9047 


0.0958 


9.8060 


9.8857 9.9202 


0.0798 


14 


47 


9.7968 


9.8918 


9.9050 


0.0950 


9.8061 


9.8856 


9.9205 


0.0795 18 1 


48 


9.7970 


9.8917 


9.9053 


0.0947 


9.8063 


9.8855 


9.9207 


0.0798 


12 


49 


9.7972 


9.8916 


9.9055 


0.0946 


9.8064 


9.8854 


9.9210 


0.0790 


11 


50 


9.7978 


9.8915 


9.9058 


0.0942 


9.8066 


9.8853 


9.9212 


0.0788 


10 


51 


9.7975 


9.8914 


9.9060 


0.0940 


9.8067 


9.8852 


9.9216 


0.0785 


9 


52 


9.7976 


9.8918 


9.90^3 


0.0937 


9.8069 


9.8851 


9.9218 


0.0782 


8 


58 


9.7978 


9.8912 


9.90o6 


0.0934 ; 
0.0932 ' 


9.8070 


9.8860 


9.9220 


0.0780 


7 


54 


9.7979 


9.8911 


9.9068 


9.8072, 


9.8849; 9.9223 


0.0777 


6 


55 


9.7981 


9.89101 9.9071 


0.0929 


9.8073, 


9.8848 9.9225 


0.0775 


5 


56 


9.7982 


9.8909 


9.9073 


0.0927 ; 


9.8075, 


9.8847 9.9228 


0.0772 


4 


57 ' 9.79H4 


9.8908 


9.9076 


0.0924 , 
0.0921 ; 


9.8076' 


9.8846' 9.9280 


0.0770 8 1 


58 


9.7980 


9.8907 


9.9079 


9.8078 


9.88461 9.9288 


0.0767 


2 


59 


9.7987 


9.890<5 


9.9081 


0.0919 


9.8079 


9.8844 9.9236 


0.0764 


1 


60 


9.7989 


9.8905 


9.9084 


0.0916 


9.8081| 


9.8848 9.9238 


0.0762 
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TABLE IL Logarithmic Sines and 


Tangents. 


2 


(y 




«0» 




41» 




Sin. 
9.8081 


1 Cos. 


T«ng. 


CoUug. 1 


Sin. 1 
9.8169 


Cob. 1 Tang. 


CoUng. 


9.8843 


9.9238 


0.0762 


9.8778 9.9892 


0.0608 


60' 


1 


9.8082 


9.8841 


9.9241 


0.0769 


9.8171 


9.8777 


9.9394 


0.0606 


69 


2 


9.8084 


9.8840 


9.9243 


0.0757 


9.8172 


9.8776 


9.9897 


0.0603 


68 


8 


9.8086 


9.8839 


9.9246 


0.0764 


9.8174 


9.8776 


9.9899 


0.0601 


67 


4 


9.8087 


9.8838 


9.9248 


0.0762 


9.8176 


9.8773 9.9402 


0.0598 


66 


5 


9.8088 


9.8837 


9.9251 


0.0749 


9.8177 


9.8772 9.9404 


0.0596 


66 


6 


9.8090 


9.8836 


9.9264 


0.0746 


9.8178 


9.8771 9.9407 


0.0593 


64 


7 


9.8091 


9.8836 


9.9266 


0.0744 


9.8180 9.8770: 9.9409 


0.0691 


68 


8 


9.8093 


9.8834 


9.9269 


0.0741 


9.8181 


9.8769; 9.9412 


0.0588 


62 





9.8094 


9.8833 


9.9261 


0.0739 


9.8182 


9.8768 9.9416 


0.0586 


51 


10 


9.8096 


9.8832 


9.9264 


0.0736 


9.8184 


9.8767 9.9417 


0.0583 


60 


11 


9.8097 


9.8831 


9.9266 


0.0784 


9.8186 


9.8766 9.9420 


0.0580 


49 


12 


9.8099 


9.8830 


9.9269 


0.0731 


9.8187 


9.8766 9.9422 


0.0578 


48 


13 


9.8100 


9.8829 


9.9271 


0.0729 


9.8188 


9.8768 9.9425 


0.0575 


47 


14 


9.8102 


9.8828 


9.9274 


0.0726 


9.8190 


9.8762 9.9427 


0.0573 


46 


15 


9.8103 


9.8827 


9.9277 


0.0728 


9.8191 


9.8761 9.9480 


0.0570 


45 


16 


9.8106 


9.8826 


9.9279 


0.0721 


9.8198 


9.876o! 9.9432 


0.0568 


44 


17 


9.8106 


9.8824 


9.9282 


0.0718 


9.8194 


9.8759 9.9435 


0.0565 


48 


18 


9.8108 


9.8823 


9.9284 


0.0716 


9.8196 


9.8768 9.9438 


0.0562 


42 


19 


9.8109 


9.8822 


9.9287 


0.0718 


9.8197 


9.8757 9.9440 


0.0560 


41 


20 


9.8111 


9.8821 


9.9289 


0.0711 


9.8198 


9.8766 9.9448 


0.0557 


40 • 


21 


9.8112 


9.8820 


9.9292 


0.0708 


9.8200 


9.8755 9.9445 


0.0555 


89 


22 


9.8114 


9.8819 


9.9295 


0.0705 


9.8201 


9.8753 9.9448 


0.0552 


88 


28 


9.8116 


9.8818 


9.9297 


0.0708 


9.8208 


9.8752 9.9450 


0.0550 


87 


24 


9.8117 


9.8817 


9.9300 


0.0700 


9.8204 


9.8751] 9.9453 


0.0547 


86 


26 


9.8118 


9.8816 


9.9302 


0.0698 


9.8205 


9.8750' 9.9455 


0.0545 


86 


26 


9.8120 


9.8816 


9.9306 


0.0696 


9.8207 


9.8749 9.9458 


0.05421 34 i 


27 


9.8121 


9.8814 


9.9307 


0.0693 


9.8208 


9.8748 9.i»4C0 


0.0540 


83 


28 


9.8122 


9.8813 


9.9310 


0.0690 


9.8210 


9.87471 9.9463 


0.0537 


32 


29 


9.8124 


9.8812 


9.9312 


0.0688 


9.8211 


9.8746i 9.9466 


0.0534 


31 


80 


9.8125 


9.8810 


9.9316 


0.0685 


9.8218 


9.87451 9.9468 


0.0582 


80 


31 


9.8127 


9.8809 


9.9318 


0.0682 


9.8214 


9.8748 9.9471 


0.0529 


29 


82 


9.8128 


9.8808 


9.9320 


0.0680 


9.8216; 9.8742 9.9473 


0.0527 


28 


83 


9.8130 


9.8807 


9.9323 


0.0677 


9.8217 


9.8741 9.9476 


0.0524 


27 


34 


9.8131 


9.8806 


9.9325 


0.0676 


9.8218 


9.8740' 9.9478 


0.0522 


26 


36 


9.8133 


9.8805 


9.9828 


0.0672 


9.8220 


9.8739J 9.9481 


0.0519 


26 


36 


9.8134 


9.8804 


9.9330 


0.0670 


9.8221 


9.8738 9.9488 


0.0517 


24 


37 


9.8136 


9.8803 


9.9333 


0.0667 


9.8228 


9.8787) 9.9486 


0.0514 


28 


38 


9.8137 


9.8802 


9.9336 


0.0665 


9.8224 


9.8736 9.9488 


0.0512 


22 


39 


9.8139 


9.8801 


9.9338 


0.0662 


9.8225 


9.8734! 9.9491 


0.0509 


21 


40 


9.8140 


9.8800 


9.9841 


0.0659 


9.8227 


9.8738 9.9494 


0.0506 


20 


41 


9.8142 


9.8799 


9.9343 


0.0657 


9.8228 


9.8732 9.9496 


0.0504 


19 


42 


9.8143 


9.8797 


9.9346 


0.0664 


9.8230 


9.8781 9.9499 


0.0501 


18 


48 


9.8146 


9.8796 


9.9348 


0.0652 


9.8231 


9.8730' 9.9501 


0.0499 


17 


44 


9.8146 


9.8796 


9.9361 


0.0649 


9.8233 


9.8729 9.9604 


0.0496 


16 


46 


9.8148 


9.8794 


9.9363 


0.0647 


9.8234 


9.8728 


9.9506 


0.0494 


15 


46 


9.8149 


9.8793 


9.9356 


0.0644 


9.8236 


9.8727 


9.9509 


0.0491 


14 


47 


9.8160 


9.8792 


9.9358 


0.0642 


9.8237 


9.8726' 9.9511 


0.0489 


13 


48 


9.8162 


9.8791 


9.9361 


0.0689 


9.8238 


9.8724 


9.9614 


0.0486 


12 


49 


9.8163 


9.8790 


9.9364 


0.0636 


9.8240 


9.8728 


9.9616 


0.0484 


11 


60 


9.8165 


9.8789 


9.9366 


0.0634 


9.8241 


9.8722 


9.9619 


0.0481 


10 


51 


9.8166 


9.8788 9.9369 


0.0631 


9.8242 


9.8721 


9.9522 


0.0478 


9 


62 


9.8158 


9.8787| 9.9371 


0.0629 


9.8244 


9.8720 


9.9524 


0.0476 


8 


63 


9.8169 


9.8786' 9.9374 


0.0626 


9.8246 


9.8719; 9.9627 


0.0473 


7 


64 


9.8161 


9.8784i 9.9376 


0.0624 


9.8247 


9.8718 9.9529 


0.0471 


6 


65 


9.8162 


9.8783 


9.9379 


0.0621 


9.8248 


9.8716| 9.9682 


0.0468 


6 


66 


9.8164 


9.8782 


9.9381 


0.0619 


9.8249 


9.8716 9.9534 


0.0466 


4 


67 


9.8165 


9.8781 


9.9384 


0.0616 


9.8251 


9.8714 9.9r,37 


0.0468 


8 


68 


9.8167 


9.8780| 9.9387 


0.0613 


! 9.82521 9.8713 9.9530 


0.0461 


2 


69 


^.8168 


9.8770, 9.\)nSS) 


0.0611 


9.8254 9.8712 9.9542 


0.04.-)8 


1 


CO 


9.8169 


9.8778 9.9302 


0.0608 


1 9.8255 9.8711: 9.9544 


0.0456 
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TABLE n. Logarithmic Sines and Tangents. 



(y 




«9« 


' 


4SO 




Sin. 


Ooa. 


Tang. 


CoUng. 
"00456" 


Sin. 


Cob. 


Tang. 


CoUng. 


"9.8266 


9.8711 


9.9644 


9.8338 


9.8641 


9.9697 


0.0803 e(y 


1 


9.8267 


9.8710 


9.9647 


0.0463 


9.8389 


9.8640 


9.9699 


0.0801 59 


2 


9.8268 


9.8708 


9.9649 


0.0461 


' 9.8841 


9.8639 9.9702 


0.0298 58 


8 


9.8259 


9.8707 


9.9652 


0.0448 


9.8342 


9.8638 9.9704 


0.0296, 57 


1 4 


9.8261 


9.8706 


9.9556 


0.0445 


9.8348 


9.8687 


9.9707 


0.0298 


56 


1 6 


9.8262 


9.8706 


9.9667 


0.0448 


9.8846 


9.8685 


9.9709 


0.0291 


55 


i ^ 


9.8264 


9.8704 


9.9560 


0.0440 


1 9.8846 


9.8684 


9.9712 


0.0288 54 


7 


9.8266 


9.8703 


9.9562 


0.0438 


9.8847 


9.8683 9.9714 


0.0286 58 


8 


9.8266 


9.8702 


9.9566 


0.0435 


9.8849 


9.8632 


9.9717 


0.0283 52 


9 


9.8268 


9.8700 


9.9667 


0.0438 


9.8850 


9.8681 


9.9719 


0.0281 51 


10 


9.8269 


9.8699 


9.9670 


0.0480 


1 9.8351 


9.8629 


9.9722 


0.0278 


50 


11 


9.8270 


9.8698 


9.9672 


0.0428 


1 9.8858 


9.8628 


9.9724 


0.0276 


49 


12 


9.8272 


9.8697 


9.9576 


0.0425 


1 9.8854 


9.8627 


9.9727 


0.0278 


48 


13 


9.8273 


9.8696 


9.9577 


0.0428 


1 9.8855 


9.8626 


9.9729 


0.0271 


47 


14 


9.8276 


9.8696 


9.9680 


0.0420 


9.8857 


9.8625 


9.9782 


0.0268: 46 


16 


9.8276 


9.8694 


9.9582 


0.0418 


1 9.8858 


9.8624 


9.9785 


0.0265| 45 


1 16 


9.8277 


9.8692 


9.9585 


0.0415 


9.8859 


9.8622 


9.9787 


0.0268J 44 


1 17 


9.8279 


9.8691 


9.9588 


0.0412 


, 9.8861 


9.8621 


9.9740 


0.0260 48 


18 


9.8280 


9.8690 


9.9590 


0.0410 


' 9.8862 


9.8620 


9.9742 


0.0268 42 


19 


9.8282 


9.8689 


9.9693 


0.0407 


i 9.8865 


9.8619 


9.9745 


0.0256 


41 


20 


9.8283 


9.8688 


9.9596 


0.0405 


9.8368 


9.8618 


9.9747 


0.0258 


40 


21 


9.8284 


9.8687 


9.9598 


0.0402 


9.8866 


9.8616 


9.9750 


0.0250 


89 


22 


9.8286 


9.8686 


9.9600 


0.0400 


9.8867i 9.8615 


9.9752 


0.0248 


88 


28 


9.8287 


9.8684 


9.9608 


0.0397 


9.8369 9.8614' 9.9755 


0.0245 


87 


24 


9.8289 


9.8683 


9.9606 


0.0895 


9.8370 9.8618| 9.9757 


0.0248 


86 


25 


9.8290 


9.8682 


9.9608 


0.0892 


9.8871 9.8612| 9.9760 


0.0240 


85 


26 


9.8291 


9.8681 


9.9610 


0.0390 


9.8878 


9.8610, 9.9762 


0.0288i 84 1 


27 


9.8293 


9.8680 


9.9618 


0.0387 


I 9.8374 


9.86O9; 9.9766 


0.0286 


88 


28 


9.8294 


9.8679 


9.9616 


0.0385 


9.8376 


9.8608 


9.9767 


0.0238 


82 


29 


9.8296 


9.8677 


9.9618 


0.0382 


9.8877 


9.8607 


9.9770 


0.0280 


81 


80 


9.8297 


9.8676 


9.9621 


0.0879 


1 9.8378 


9.8606' 9.9772 


0.0228 


80 


81 


9.8298 


9.8675 


9.9628 


0.0377 


I 9.8879 


9.86041 9.9775 


0.0225 


29 


82 


9.8300 


9.8674 


9.9626 


0.0374 


1 9.8381 


9.8603} 9.9778 


0.0222 


28 


33 


9.8301 


9.8678 


9.9628 


0.0872 


9.8382 


9.8602' 9.9780 


0.0220 


27 


i 84 


9.8302 


9.8672 


9.9631 


0.0369 


9.8388; 9.86011 9.9788 


0.0217 


26 


1 85 


9.8304 


9.8671 


9.9688 


0.0367 


9.8885! 9.86OO; 9.9785 


0.0215 


25 


j 36 ! 9.8305 


9.8669 


9.9636 


0.0864 


9.8886 


9.8698! 9.9788 


0.0212 


24 


! 87 


9.8306 


9.8668 


9.9638 


0.0362 


9.8387 


9.8597 


9.9790 


0.0210 


28 


! 88 


9.8308 


9.8667 


9.9641 


0.0369 


9.8389 


9.8696 


9.9798 


0.0207 


22 


1 89 


9.8309 


9.8666 


9.9643 


0.0867 


9.8890 


9.8695 


9.9795 


0.0205 


21 


i ^^ 


9.8311 


9.8666 


9.9646 


0.0364 


9.8891 


9.8594 


9.9798 


0.0202 


20 


41 


9.8312 


9.8064 


9.9648 


0.0352 


9.8898 


9.8592 


9.9800 


0.0200 


19 


1 42 


9.8313 


9.8662 


9.9661 


0.0349 


1 9.8894 


9.8691 


9.9808 


0.0197 


18 


! 43 


9.8316 


9.8661 


9.9063 


0.0347 


9.8396 


9.8690 


9.9805 


0.0195 


17 


1 44 


9.8316 


9.8660 


9.9666 


0.0344 


1 9.8397 


9.8689 


9.9808 


0.0192 


16 


45 


9.8317 


9.8659 


9.9669 


0.0341 


9.8398 


9.8688 


9.9810 


0.0190 


15 


46 


9.8319 


9.8668 


9.9661 


0.0339 


9.8899 


9.8586 


9.9818 


0.0187 


14 


47 


9.8320 


9.8667 


9.9664 


0.0336 


9.8401 


9.8685 


9.9816 


0.0184 


18 


48 


9.8322 


9.8666 


9.9666 


0.0334 


9.8402 


9.8584 


9.9818 


0.0182 


12 


49 


9.8328 


9.8054 


9.9669 


0.0331 


9.8408 


9.8583 


9.9821 


0.0179 


11 


50 


9.8824 


9.8668 


9.9671 


0.0329 


9.8405 


9.8682 


9.9828 


0.0177 


10 


51 


9.8826 


9.8652 


9.9674 


0.0326 


9.8406 


9.8580 


9.9826 


0.0174 


9 


52 


9.8827 


9.8651 


9.9676 


0.0824 


9.8407 


9.8579 


9.9828 


0.0172 


8 


58 


9.8828 


9.8649 


9.9679 


0.0821 


9.8409 


9.8578 


9.9881 


0.0169 


7 


54 


9.8380 


9.8648 


9.9681 


0.0319 


9.8410 


9.8677 


9.9838 


0.0167 


6 


55 


9.8881 


9.8647 


9.9684 


0.0816 


9.8411 


9.8575 


9.9886 


0.0164 


5 


56 


9.8832 


9.8646 


9.9686 


0.0814 


9.8412 


9.8574 


9.9888 


0.0162 


4 


57 


9.8334 


9.8646 


9.9689 


0.0811 


9.8414 


9.8578 


9.9841 


0.0159 


8 


58 


9.8336 


9.8644 


9.9691 


0.0309 


I 9.8415 


9.8572 


9.9848 


0.0157 


2 


59 i 9.8336 


9.8642 


9.9094 


0.0806 


1 9.8416 


9.8671 


9.9846 


0.0154 


1 


60 1 9.8338 


9.8641 


9.9697 


0.0303 


1 9.8418 


9.8569 


9.9848 


0.0152 
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TABLE n. Log. Sines and Tangents, 
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Sin. 


C«i. 


Tang. 


Cotang. 


0' 


9.8418 


9.8669 


9.9848 


0.0152 


60' 


1 


9.8419 


9.8668 


9.9861 


0.0149 


59 


2 


9.8420 


9.8667 


9.9868 


0.0147 


58 


8 


9.8422 


9.8666 


9.9856 


0.0144 


57 


4 


9.8428 


9.8564 


9.9868 


0.0142 


56 


6 


9.8424 


9.8568 


9.9861 


0.0189 


55 


6 


9.8426 


9.8562 


9.9864 


0.0186 


54 


7 


9.8427 


9.8561 


9.9866 


0.0134 


58 


8 


9.8428 


9.8560 


9.9869 


0.0181 


52 


9 


9.8429 


9.8558 


9.9871 


0.0129 


51 


10 


9.8481 


9.8557 


9.9874 


0.0126 


50 


11 


9.8482 


9.8566 


9.9876 


0.0124 


49 


12 


9.8483 


9.8566 


9.9879 


0.0121 


48 


13 


9.8436 


9.8668 


9.9881 


0.0119 


47 


14 


9.8486 


9.8552 


9.9884 


0.0116 


46 


16 


9.8487 


9.8661 


9.9886 


0.0114 


45 


16 


9.8489 


9.8650 


9.9889 


0.0111 


44 


17 


9.8440 


9.8548 


9.9891 


0.0109 


48 


18 


9.8441 


9.8647 


9.9894 


0.0106 


42 


19 


9.8442 


9.8546 


9.9896 


0.0104 


41 


20 


9.8444 


9.8646 


9.9899 


0.0101 


40 


21 


9.8446 


9.8544 


9.9901 


0.0099 


89 


22 


9.8446 


9.8642 


9.9904 


0.0096 


88 


28 


9.8448 


9.8641 


9.9907 


0.0093 


87 


24 


9.8449 


9.8640 


9.9909 


0.0091 


86 


25 


9.8460 


9.8639 


9.9912 


0.0088 


35 


26 


9.8461 


9.8587 


9.9914 


0.0086 


84 


27 


9.8458 


9.8686 


9.9917 


0.0088 


88 


28 


9.8454 


9.8636 


9.9919 


0.0081 


82 


29 


9.8466 


9.8634 


9.9922 


0.0078 


81 


80 


9.8467 


9.8632 


9.9924 


0.0076 


80 


81 


9.8458 


9.8581 


9.9927 


0.0073 


29 


82 


9.8469 


9.8680 


9.9929 


0.0071 


28 


88 


9.8460 


9.8529 


9.9982 


0.0068 


27 


84 


9.8462 


9.8627 


9.9934 


0.0066 


26 


85 


9.8468 


9.8626 


9.9937 


0.0063 


25 


86 


9.8464 


9.8626 


9.9989 


0.0061 


24 


87 


9.8466 


9.8624 


9.9942 


0.0068 


28 


88 


9.8467 


9.8522 


9.9944 


0.0056 


22 


89 


9.8468 


9.8621 


9.9947 


0.0063 


21 


40 


9.8469 


9.8620 


9.9949 


0.0051 


20 


41 


9.8471 


9.8619 


9.9962 


0.0048 


19 


42 


9.8472 


9.8517 


9.9966 


0.0046 


18 


48 


9.8478 


9.8616 


9.9957 


0.0043 


17 


44 


9.8476 


9.8515 


9.9960 


0.0040 


16 


45 


9.8476 


9.8514 


9.9962 


0.0088 


15 


46 


9.8477 


9.8512 


9.9966 


0.0086 


14 


47 


9.8478 


9.8511 


9.9967 


0.0033 


13 


48 


9.8480 


9.8610 


9.9970 


0.0080 


12 


49 


9.8481 


9.8609 


9.9972 


0.0028 


11 


50 


9.8482 


9.8607 


9.9975 


0.0025 


10 


61 


9.8488 


9.8506 


9.9977 


0.0023 


9 


52 


9.8486 


9.8506 


9.9980 


0.0020 


8 


58 


9.8486 


9.8504 


9.9982 


0.0018 


7 


54 


9.8487 


9.8602 


9.9986 


0.0015 


6 


65 


9.8489 


9.8501 


9.9987 


0.0018 


5 


56 


9.8490 


9.8600 


9.9990 


0.0010 


4 


57 


9.8491 


9.8499 


9.9992 


0.0008 


8 


58 


9.8492 


9.8497 


9.9996 


0.0006 


2 


59 


9.8494 


9.8496 


9.9997 


0.0008 


1 


60 


9.8496 


9.8495 


0.0000 


0.0000 







O08. 


Sin. 


Cotong. 


Tang. 




45« 



TABLE m. 29 

Log, Tangent of OUwuity 
of Ecliptic, ' 





Tang. 


e t n 




28 27 


9.68726 


1 


9.63727 


2 


9.63728 


8 


9.63728 


4 


9.68729 


5 


9.68729 


6 


9.63780 


7 


9.68780 


8 


9.68731 


9 


9.68782 


10 


9.63782 


11 


9.63788 


12 


9.68738 


13 


9.68784 


14 


9.68735 


' 15 


9.68785 


16 


9.68786 


17 


9.68736 


18 


9.68787 


19 


9.68787 


20 


9.68738 


21 


9.63789 


22 


9.68739 


23 


9.63740 


24 


9.68740 


25 


9.68741 


26 


9.63741 


27 


9.68742 


28 


9.68748 


29 


9.68743 


80 


9.68744 


81 


9.68744 


82 


9.68746 


88 


9.68746 


84 


9.68746 


86 


9.68747 


86 


9.63747 


87 


9.68748 


88 


9.63748 


89 


9.68749 


40 


9.68760 


41 


9.68760 


42 


9.68761 


48 


9.68761 


44 


9.68762 


. 45 


9.68762 


46 


9.68768 


47 


9.68754 


48 


9.68764 


49 


9.68755 


50 


9.68755 


51 


9.68766 


52 


9.68756 


58 


9.68767 


54 


9.68768 


55 


9.68768 


50 


9.68769 


57 


9.63759 


58 


9.63760 


59 


9.63760 


28 28 


9.68761|) 



igle 



60 



80 



TABLE lY. Logarithms AandB. 
AaouMSNT. Moon's Equatorial Parallax. 



Par. 


Log. A 


Log.B 1 


Par. 


Log. A 


Log.B 1 


Par. 


Log. A 


Log.B 


1 tf 
58 50 


0.46449 


5.80640 


54 50 


0.44647 


1 
5.79838 


55 50 


0.48860 


5.79052 


51 


0.45435 


5.80626, 


51 


0.44634 


5.79826 


51 


0.43847 


5.79089 


52 


0.46422 


6.80613 


52 


0.44621 


5.79812 


52 


0.48884 


5.79026 


53 


0.46408 


6.80599 


53 


0.44608 


5.79799 


53 


0.43821 


5.79018 


54 


0.45395 


5.80586, 


54 


0.44594 


5.79786 


54 


0.48808 


5.79000 


58 55 


0.45882 


6.80672 


54 55 


0.44581 


5.79772 


55 55 0.48795 


5.78987 


56 


0.45868 


6.80559 


56 


0.44568 


5.79759 


56 


0.43782 


5.78974 


57 


0.45355 


6.80646, 


57 


0.44555 


5.79746 


57 


0.43769 


5.78961 


58 


0.46341 


5.80532 


68 


0.44542 


5.79783 


58 


0.43766 


5.78948 


59 


0.45328 


5.80519^ 


59 


0.44528 


5.79719; 


59 


0.48744 


5.78986 


54 


0.46814 


6.80605 


65 


0.44515 


5.79706 


56 


0.48781 


5.78922 


1 


0.45801 


5.80492 


1 


0.44502 


5.79698 


1 


0.43718 


5.78909 


2 


0.45287 


5.80478 


2 


0.44489J 5.79680 


2 


0.48705 


5.78896 


3 


0.45274 


5.80465 


8 


0.44476 


5.796671 


8 


0.48692 


5.78888 


4 


0.45261 


5.80451 


4 


0.44462 


5.79654, 


4 


a43679 


5.78870 


54 5 


0.45247 


6.80438 


55 5 


0.44449 


6.79640156 5 


0.43666 


5.78857 


6 


0.45284 


5.80425 


6 


0.44486 


5.796271 


6 


0.43658 


5.78844 


7 


0.45220 


6.80411 


7 


0.44423 


5.79614 


7 


0.43640 


5.78881 


8 


0.45207 


5.80398 


8 


0.44410 


5.79601' 


8 


0.43627 


5.78818 


9 


0.45193 


5.80884 


9 


0.44397 


5.79588; 


9 


0.43614 


5.78805 


54 10 


0.45180 


5.80871 


56 10 


0.44883 


5.79575 


56 10 


0.48601 


5.78792 


11 


0.45167 


5.80868 


11 


0.44870 


5.795611 


11 


0.48588 


5.78779 


12 


0.45163 


6.80344 


12 


0.44857 


5.79548' 


12 


0.48575 


5.78767 


13 


0.46140 


6.80331 


18 


0.44844 


5.79535 


13 


0.48562 


5.78754 


14 


0.46127 


5.80317' 


14 


0.44881 


5.79522' 


14 


0.43549 


5.78741 


54 15 


0.46113 


5.80304 


55 15 


0.44818 


6.79509 


56 15 


0.48586 


5.78728 


16 


0.45100 


6.80291 


16 


0.44305 


5.79496 


16 


0.48524 


5.78716 


17 


0.45086 


5.80277, 


17 


0.44291 


5.79483 


17 


0.43511 


5.78702 


18 


0.45073 


6.80264 


18 


0.44278 


5.794691 


18 


0.43498 


5.78689 


19 


0.45060 


5.80261 


19 0.44266 


6.79466; 


19 


0.48485 


5.78676 


54 20 


0.45046 


6.80237 


55 20 0.44262 


5.79443 


56 20 


0.48472 


5.78668 


21 


0.45033 


6.80224 


2110.44239 


5.79430' 


2110.48459 


5.78651 


22 


0.46020 


6.80211 


22| 0.44226 


5.794171 


22' 0.48446 


5.78688 


28 


0.46006 


6.80197 


23' 


0.44213 


5.79404; 


23 


0.48488 


5.78625 


24 


0.44993 


6.80184 


24 


0.44200 


5.79391 


24 


0.48421 


5.78612 


54 25 


0.44980 


6.80171 


55 26 


0.44187 


5.79378 


56 25 


0.48408 


5.78599 


26 


0.44966 


5.80167 


26 


0.44173 


5.79365' 


26 


0.48895 


5.78586 


27 


0.44963 


5.80144 


27 


0.44160 


5.79852 


27 


0.48382 


5.78578 


28 


0.44940 


5.80181 


281 0.44147 


A79338 


28; 0.43869 


5.78560 


29 


0.44926 


5.80117 


29 0.44134 


5.79325 


29 0.48856 


5.78548 


54 80 


0.44913 


6.80104 


55 80 0.44121 


5.79312 


56 80! 0.48848 


5.78585 


31 


0.44900 


6.80091 


81 


0.44108 


5.79299 


81 0.43381 


5.78522 


82 


0.44886 


6.80077 


82 


0.44095 


5.79286 


82 0.43818 


5.78509 


83 


0.44873 


5.80064 


83 


0.44082 


5.79273 


83 0.48305 


5.78496 


84 


0.44860 


5.80051 


84 


0.44069 


5.79260 


84| 0.48292 


5.78488 


54 85 


0.44846 


6.80087 


55 85 


0.44056 


6.79247 


56 85l 0.48279 


5.78471 


86 


0.44833 


6.80024 


86 


0.44043 


5.79234 


86, 0.48266 


5.78468 


87 


0.44820 


5.80011 


87 


0.44030 


5.79221; 


87 


0.43254 


5.78445 


88 


0.44807 


6.79998 


88 


0.44017 


5.79208 


88 


0.48241 


5.78482 


89 


0.44793 


5.79984, 


89 0.44004 


5.79195 


89| 0.43228 


5.78419 


54 40 


0.44780 


5.79971 


55 40 0.48991 


5.79182 


56 40 0.48215 


5.78407 


41 


0.44767 


5.79958 


41 10.43978 


6.79169 


41 0.43202! 5.78894 


42 


0.44763 


5.79944 


42 0.43964 


5.79156' 


42 0.48190' 5.78881 


48 


0.44740 


5.79931 


43j 0.43951 


5.79143 


43 0.43177! 5.78868 


441 0.44727 


5.79918 


44 0.43938 


5.79180 


44| 0.48164 


5.78855 


54 45 0.44714 


5.79905 


55 45! 0.43925 


5.79117 


56 45I 0.48151 


5.78848 


46' 0.44700 


5.79891 


46i 0.43912 


5.79104 


46 0.43188 5.78380 


47! 0.44687 


6.79878 


47' 0.43899 


5.79091 


471 0.43126| 5.78817 


48| 0.44674 


5.79866 


48! 0.43886 


5.79078 


48 0.4311315.78304 


49j 0.44661 


5.79852, 


49| 0.48873 


6.79065 


49{ 0.481001 5.78291 



Digitized by 



google 



TABLE lY. LogarUhfM A and B, 
Argument. Moon's Equatorial Parallax. 



81 



Par. 


Log. A 


Log. B 


Par. 


Log. A 


Log.B 


Par. 


Log. A 


Log.B 


56 50 


0.48087 


6.78279 


57 60 


0.42328 


5.77619 


1 » 

68 50 


0.41581 


6.76778 


61 


0.43075 


6.78266 


61 


0.42315 


5.77507J 


61 


0.41569 


6.76761 


52 


0.43062 


6.78253' 


62 


0.42303 


5.77494 


62 


0.41557 


5.76748 


63 


0.43049 


5.78240; 


63 


0.42290 


5.77482' 


63 


0.41544 


5.76736 


64 


0.43036 


6 78228 


64 


0.42278 


5.77469J 


54 


0.41632 


6.76724 


66 66 


0.48024 


6 7821 si 


67 55 


0.42265 


6.77467| 


68 55 


0.41620 


5.76711 


66 


0.48011 


5.78202 


66 


0.42253 


5.77444 


66 


0.41507 


5.76699 


67 


0.42998 


6.78189 


67 


0.42240 


5.77432I 


57 


0.41495 


6.76687 


68 


0.42985 


6.78177; 


68 


0.42228 


5.77419, 


58 0.41483 


6.76676 


69 


0.42973 


5.78164' 


69 


0.42216 


5.77407| 


69 0.41471 


5.76062 


67 


0.42960 


6.7815l| 


68 


0.42203 


6.77394 


69 0.41458 


5.76660 


1 


0.4294T 


6.78189, 


1 


0.42190 


6.77382 


1 


0.41446 


5.76638 


2 


0.42934 


5.78126' 


2 


0.42178 


6.7736^' 


2| 0.41434 


6.76626 


3 


0.42922 


6.78118 


8 


0.42165 


5.773571 


8 


0.41421 


5.76618 


4 


0.42909 


6.78100 


4 


0.42153 


5.77344 


4 


0.41409 


5.76601 


67 6 


0.42896 


6.78088 


58 6 


0.42140 


5.77332' 


59 6 


0.41397 


6.76589 


6 


0.42884 


5.78076, 


6 


0.42128 


5.77319i 


6 


0.41384 


5.76576 


7 


0.42871 


6.78062 


7 


0.42115 


5.77307i 


7 


0.41372 


6.76664 


8 


0.42868 


5.78050 


8 


0.42108 


6.772941 


8 


0.41860 


6.76552 


9 


0.42846 


5.78037| 


9 


0.42090 


5.77282! 


9 


0.41848 


6.76589 


57 10 


0.42883 


6.78024 


58 10 


0.42078 


5.772691 


69 10 


0.41835 


5.76527 


11 


0.42820 


5.780111 


11 


0.42065 


5.77257, 


11 


0.41323 


6.76515 


12 


0.42807 


5.77999| 


12 


0.42053 


5.77244 


12 


0.41811 


5.76608 


13 


0.42796 


5.77986 


13 


0.42040 


5.772821 


18 


0.41299 


6.76490 


14 


0.42782 


6.77978| 


14 


0.42028 


5.77219 


14 


0.41286 


5.76478 


67 16 


0.42769 


6.7796li 


58 16 


0.42015 


6.77207 


69 15 


0.41274 


5.76466 


16 


0.42757 


5.77948, 


16 


0.42003 


5.77194 


16 


0.41262 


5.76464 


17 


0.42744 


6.779851 


17 


0.41990 


6.77182 


17 


0.41250 


6.76441 


18 


0.42731 


6.77923; 


18 


0.41978 


6.77170 


18 


0.41237 


6.76429 


19 


0.42719 


6.77910 


19 


0.41966 


5.77157 


19 


0.41225 


6.76417 


67 20 


0.42706 


6.778971 


68 20 


0.41963 


5.77146 


69 20 


0.41218 


5.76406 


21 


0.42698 


5.77885! 


21 


0.41941 


6.77132 


21 


0.41201 


5.76392 


22 


0.42681 


6.77872, 


22 


0.41928 


5.77120 


22 


0.41188 


5.76380 


28 


0.42668 


6.77859' 


23 


0.41916 


5.77107 


23 


0.41176 


5.76368 


24 


0.42656 


6.778471 


24 


0.41903 


5.77095 


24 


0.41164 


6.76356 


67 25 


0.42648 


6.77884| 


68 25 


0.41891 


5.77083 


59 25 


0.41162 


6.76344 


26 


0.42680 


6.77822 


26 


0.41878 


5.77070! 


26 


0.41140 


5.76331 


27 


0.42617 


6.77809' 


27 


0.41866 


5.770581 


27 


0.41127 


5.76819 


28 


0.42605 


6.777961 


28 


0.41854 


5.770451 


28 


0.41115 


5.76307 


29 


0.42592 


6.77784 


29 


0.41841 


5.77033| 


29 


0.41108 


5.76296 


67 80 


0.42580 


5.77771 


58 80 


0.41829 


6.77020 


59 80 


0.41091 


6.76288 


81 


0.42667 


6.77758; 


81 


0.41816 


5.77008 


81 


0.41079 


6.76270 


82 


0.42654 


6.77746 


82 


0.41804 


5.76990! 


82 


0.41066 


5.76258 


83 


0.42542 


5.77733; 


83 


0.41792 


5.76983 


83 


0.41054 


5.76246 


84 


0.42529 


6.77721| 


84 


0.41779 


6.76971 


84 


0.41042 


5.76284 


67 86 


0.42516 


6.77708 


68 85 


0.41767 


6.76959 


59 85 


0.41080 


5.76222 


86 


0.42604 


5.77695 


86 


0.41754 


6.76946 


86 


0.41018 


6.76209 


87 


0.42491 


5.77683 


87 


0.41742 


6.76934, 


87 


0.41006 


5.76197 


88 


0.42479 


5.77670 


38 


0.41730 


5.76921 


88 


0.40993 


6.76186 


89 


0.42466 


6.77668, 


89 


0.41717 


6.76909 


89 


0.40981 


5.76178 


67 40 


0.42454 


6.77645 


58 40 


0.41705 


5.76897 


69 40 


0.40969 


5.76161 


41 


0.42441 


6.77632 


41 


0.41693 


5.76884 


41 


0.40967 


6.76149 


42 


0.42428 


6.77620 


42 


0.41680 


5.76872 


42 


0.40945 


5.76137 


43 


0.42416 


5.776071 


43 


0.41668 


5.76860 


43 


0.40933 


6.76124 


44 


0.42408 


5.77696, 


44 


0.41665 


6.76847 


44 


0.40920 


6.76112 


57 46 


0.42891 


5.77582 


68 46 


0.41643 


6.76885 


69 45 


0.40908 


6.76100 


46| 0.42378 


6.77670 


46 


0.41681 


5.76822 


46 


0.40896 


6.76088 


47 0.42366 


6.77667, 


47 


0.41618 


5.76810' 


47 


0.40884 


5.76076 


481 0.4^368 


5.77544; 


48 


0.41606 


6.76798 


48 


0.40872 


6.76064 


49| 0.42840 


6.776321 


49 


0.41694 


6.76785 


49 0.40860 


6.76052 
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d2 table IV. Logarithms A and B, 



Argument. 


Moon's 


Equatorial Parallax. 


Par. 


Log. A 


Log.B i 


Par. 


Log. A 


Log.B 


/ It 

69 60 


0.40848 


5.76039 \ 


60 60 


0.40126 


5.75318 


61 


0.40835 


5.76027 ' 


61 


0.40114 


5.76306 


62 


0.40823 


5.76015 t 


62 


0.40102 


5.76294 


63 


0.40811 


5.76003 1 


53 


0.40090 


5.76282 


54 


0.40799 


6.76991 


64 


0.40078 


6.75270 


69 66 


0.40787 


6.76979 1 


60 65 


0.40066 


6.75258 


66 


0.40775 


6.76967 1 


66 


0.40054 


5.76246 


67 


0.40763 


6.76956 


67 


0.40043 


6.76234 


68 


0.40751 


6.76943 


68 


0.40031 


6.76223 


69 


0.40789 


6.76980 


69 


0.40019 


6.76211 


60 


0.40726 


6.75918 


61 


0.40007 


5.76199 


1 


0.40714 


5.76906 1 


1 


0.39995 


6.75187 


2 


0.40702 


5.76894 1 


2 


0.39983 


6.76175 


8 


0.40690 


6.75882 


8 


0.89971 


6.76168 


4 


0.40678 


6.76870 1 


4 


0.89969 


6.76161 


60 6 


0.40666 


6.75868 1 


61 6 


0.89947 


6.75189 


6 


0.40654 


6.76846 1 


6 


0.39986 


5.76127 


7 


0.40642 


6.76834 ! 


7 


0.39924 


6.76116 


8 


0.40680 


6.75822 ' 


8 


0.89912 


5.76104 


9 


0.40618 


6.76810 ; 


9 


0.39900 


6.76092 


60 10 


0.40606 


6.76798 j 


61 10 


0.89888 


6.76080 


11 


0.40694 


6.76786 , 


11 


0.39876 


6.76068 


12 


0.40682 


6.76778 


12 


0.39864 


5.76056 


13 


0.40670 


5.76761 


18 


0.39852 


5.76044 


14 


0.40657 


6.76749 


14 


0.89841 


6.75033 


60 16 


0.40545 


6.76787 


61 15 


0.89829 


6.76021 


16 


0.40533 


6.76726 


16 0.39817 


6.76009 


17 


0.40521 


5.76713 


17 0.89805 


6.74997 


18 


0.40609 


6.76701 


18, 0.39793 


5.74985 


19 


0.40497 


6.76689 ; 


19 0.39781 


5.74973 


60 20 


0.40485 


5.75677 , 


61 20! 0.39770 


5.74962 


21 


0.40473 


5.75665 


2110.39768 


5.74950 


22 


0.40461 


6.76653 


22, 0.89746 5.74938 


23 


0.40449 


5.75641 ' 


23' 0.39734 5.74926 


24 


0.40437 


6.76629 


24' 0.39722 5.74914 


60 25 


0.40426 


5.76617 


61 25' 0.8971o! 5.74902 


26 


0.40418 


6.76606 


26 0.39699 


5.74891 


27 


0.40401 


5.75593 


271 0.89687 


6.74879 


28 


0.40389 


5.75581 1 


28' 0.39675 


5.74867 


29 


0.40377 


6.76569 1 


29 


0.89663 


5.74855 


60 30 


0.40366 


6.76567 1 


61 80 


0.39651 


6.74843 


81 


0.40368 


6.76645 , 


81 


0.39640 


5.74832 


82 


0.40341 


6.75638 , 


82 


0.39628 


5.74820 


83 


0.40329 


6.75621 


33 0.39616 


6.74808 


34 


0.40317 


6.76609 


34 


0.89604 


6.74796 


60 86 


0.40806 


6.76497 








86 


0.40298 


6.76485 1 








87 


0.40281 


6.76473 








88 


0.40269 


5.75461 1 








89 


0.40267 


6.76449 1 








60 40 


0.40245 


5.76437 ! 








41 


0.40233 


6.76426 1 








42 


0.40221 


6.75418 , 








4810.40210 


6.76401 








44| 0.40198 


5.76889 ' 








60 45 0.40186 


5.75378 








46 0.40174 


6.76366 








47 0.40162 


6.75354 








48l 0.40160 


6.75342 








49| 0.40138 


6.76380 









TABLE V. 

Log, Tangent of 
Sun's Semidiamrter 



SemklUun. 


Tang. 


16' 


40" 


7.65871 




41 


7.65917 




42 


7.65963 




48 


7.66009 




44 


7.66056 


16 


46 


7.66101 




46 


7.66147 




47 


7.66193 




48 


7.66289 




49 


7.60284 


15 


60 


7.66330 




51 


7.66376 




62 


7.66422 




58 


7.66467 




64 


7.66613 


16 


65 


7.66558 




66 


7.66604 




67 


7.66649 




68 


7.66694 




69 


7.66740 


16 





7.66786 




1 


7.66830 




2 


7.66875 




8 


7.66920 




4 


7.66966 


16 


6 


7.67011 




6 


7.67056 




7 


7.67100 




8 


7.67145 




9 


7.67190 


16 


10 


7.67285 




11 


7.67280 




12 


7.67824 




18 


7.67369 




14 


7.67414 


16 


16 


7.67458 




16 


7.67503 




17 


7.67547 




18 


7.67592 




19 


7.67636 




20 


7.67f80 
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TABLE VI. 



S3 



Latitude* and Longitude from the Meridian of Cfreenvnch, of tome 
Citiet, and other conyaicuoM placet. 



NUDMOfPlMMe. 


Lafcitada. 


Longitad6 
In Time. 


Longitnd* 
in Degree!. 


Albany, Capitol^ 
Altona, Obt., 
Amsterdam, 
Baltimore, B. MofCt^ 
BerUn, Oft*., 


New York, 

Denmark, 

HoUand, 

Maryland, 

Germany, 


42 89 8 
63 82 45 
62 22 80 
39 17 18 
62 3118 


N. 
N. 
N. 
N. 
N. 


h< m. sec. 

4 64 69 W. 
89 47 E. 
019 83 E. 

5 6 81 W. 
58 86.5E. 


o / // 

78 44 46 

966 45 

4 6316 

76 37 60 

13 28 62 


Boston, StaU ffoute^ 

Brest, Obt., 

Canton, 

Cape G. Hope, Ob»., 

Charleston, ColL, 


Mass'ts, 

France, 

China, 

Africa, 

8. Carolina, 


42 2115 
4828 82 
23 8 9 
8366 8 
82 47 


N. 
N. 
N. 
S. 
N. 


44416.6W. 
017 68 W. 
7 88 8 E. 
118 55 E. 
620 8 W. 


71 4 9 

4 29 26 

11816 64 

182845 

80 052 


CharlottesiiUe, Umvert. 
Cincinnati, 
Copenhagen, Obi,, 
Dorpat, Obt., 
Dublin, Obs., 


, Virginia, 
Ohio, 
Denmark, 
Russia, 
Lreland, 


38 2 8 
89 6 54 
55 40 68 
6822 47 
63 2318 


N. 
N. 
N. 
N. 
N. 


614 6 W. 
6 37 86 W. 
6019.8E. 
146 56 E. 
02522 W. 


78 8129 
8424 
12 34 67 
26 43 45 
6 20 30 


Edinburgh, Obs,, 
Gotha, Suberff Obi,, 
Gottingen, Obt,, 
Greenwich, Obi,, 
Hudson, Obi,, 


Scotland, 

Germany, 

Germany, 

England, 

Ohio, 


55 57 20 
5056 6 
618148 
61 28 89 
411487 


N. 
N. 
N. 
N. 
N. 


012 48.6W. 
042 66.4E. 
039 46.5E. 

62642 W. 


81064 

1044 6 

9 66 87 



8126 30 


Konigsberg, Obi,, 

Lancaster, 

London, Si, PauVi Ch,, 

Marseilles, Obi,, 

Milan, Obi,, 


Prussia, 

Penn., 

England, 

France, 

Italy, 


5442 50 
40 2 36 
513049 
4317 60 
4528 1 


N. 
N. 
N. 
N. 
N. 


122 0.5E. 
5 522 W. 
028 W. 
02129 E. 
03647 E. 


20 30 7 

76 20 33 

647 

52216 

91148 


Naples, Obi,, 
New Hayen, CoU,, 
New Orleans, C. ffaU, 
New York, C, HaU, 
Palermo, Obi,, 


Italy, 

Connecticut, 
Louisiana, 
New York, 
Italy, 


406147 
4117 58 
29 57 46 
4042 40 
38 644 


N. 
N. 
N. 
N. 
N. 


057 E. 
4 5161 W. 
6 027 W. 
466 4 W. 
063 26.6E. 


1415 4 
72 57 46 
90 649 
74 1 8 
132124 


Paramatta, Obi,, 
Paris, Obi., 
Petersburgh, Obi,, 
PhUadelphia, In^a H., 
Pittsburgh, 


New HoL, 

France, 

Russia, 

Penn., 

Penn., 


88 48 60 
486018 
59 66 81 

89 56 69 
402616 


S. 

N. 
N. 
N. 
N. 


10 4 6 E. 
921.6E. 
2 116 E. 
6 040 W. 
619 52 W. 


151 184 

2 2024 

8019 

7610 

7968 6 


Point Venus, 
Princeton, CoU,, 
ProTidence, Unwen,, 
Pulkowa, Obi., 
Quebec, CaHU, 


Otaheite, 
New Jersey, 
Rhode Isl., 
Russia, 
L. Canada, 


17 2921 8. 
4022 N. 
4149 26 N. 
59 46 18. 7N. 
46 4912 N. 


9 57 56 W. 
45820 W. 
4 45 44 W. 
2 124.7E. 
446 4 W. 


149 28 56 
74 85 
71 25 56 
802610 
7116 


Richmond, Capitol, 
Rome, St, Peter*i Ch,, 
SaTannah, Exeh,, 
Stockholm, Obi., 
Turin, Obi,, 


Virginia, 

Italy, 

Georgia, 

Sweden, 

Italy, 


87 8217 
4164 8 
82 4 66 
69 20 81 
45 4 6 


N. 
N. 
N. 
N. 
N. 


6 946 W. 
04948 E. 
6 2429 W. 
11214 E. 
08048.4E. 


77 2628 
12 27 5 
81 7 9 
18 3 34 
742 6 


Vienna, Obi,, 
Wardhud, 
Washington, Obi,, 


Austria, 
Lapland, 
Dist Colum., 


4812 86 
7022 86 
3858 88 


N. 
N. 
N. 


1 632 E. 

2 482 E. 
5 816 W. 


16 23 
81 7 54 
77 8 89 
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TABLE Vn. 

Attronomical Refraclwn*. 







Diff 


wir 






iMir 


Dur 






Dur 


Dur 


JK_ 


Moan 


for + 


for — 


App. 


Mean 


for + 


Ibr — 


^SL 


Mma 


Ibr-f. 


Ibr — 


Reflr. 


IB J. 


PFah. 


Alt 


Reflr. 


ibJ. 


lofah. 


Befr. 


ibJ. 


l«Fah. 


o 


1 It 


ft 


// 


o / 


/ tf 


tl 


It 


O / 


/ n 


It 







88 51 


74 


8.1 


4 


11 62 


24.1 


1.70 


12 


4 28.1 


9.00 


0.656 


6 


82 63 


71 


7.6 


10 


11 80 


23.4 


1.64 


10 


4 24.4 


8.86 


.548 


10 


81 58 


69 


7.8 


201 11 10 


22.7 


1.58 


20 


4 20.8 


8.74 


.541 


16 


81 5 


67 


7.0 


80 


10 60 


22.0 


1.58 


80 


4 17.8 


8.63 


.638 


20 


80 18 


66 


6.7 


40 


10 82 


21.8 


1.48 


40 


418.9 


8.51 


.524 


25 


29 24 


63 


6.4 


50 


10 15 


20.7 


1.48 


60 


4 10.7 


8.41 


.517 


80 


28 87 


61 


6.1 


5 


9 58 


20.1 


1.88 


18 


4 7.5 


8.80 


.609 


85 


27 61 


59 


6.9 


10 


9 42 


19.6 


1.34 


10 


4 4.4 


8.20 


.503 


40 


27 6 


58 


6.6 


20 


9 27 


19.1 


1.80 


20 


4 1.4 


8.10 


.496 


45 


26 24 


66 


5.4 


80 


9 11 


18.6 


1.26 


80 


8 68.4 


8.00 


.490 


50 


25 48 


55 


5.1 


40 


8 58 


18.1 


1.22 


40 


8 55.5 


7.89 


.482 


55 


25 8 


53 


4.9 


60 


8 46 


17.6 


1.19 


60 


8 62.6 


7.79 


.476 


1 


24 25 


62 


4.7 


6 


8 82 


17.2 


1.15 


14 


8 49.9 


7.70 


.469 


5 


28 48 


50 


4.6 


10 


8 20 


16.8 


1.11 


10 


8 47.1 


7.61 


.464 


10 


23 18 


49 


4.5 


20 


8 9 


16.4 


1.09 


20 


8 44.4 


7.62 


.458 


15 


22 40 


48 


4.4 


80 


7 58 


16.0 


1.06 


80 


8 41.8 


7.43 


.453 


20 


22 8 


46 


4.2 


40 


7 47 


15.7 


1.08 


40 


8 39.2 


7.84 


.448 


25 


21 87 


45 


4.0 


60 


7 87 


16.3 


1.00 


60 


8 86.7 


7.26 


.444 


80 


21 7 


44 


8.9 


7 


7 27 


16.0 


0.98 


16 


8 84.8 


7.18 


.489 


85 


20 88 


48 


8.8 


10 


7 17 


14.6 


.95 


80 


8 27.8 


6.96 


.424 


40 


20 10 


42 


8.6 


20 


7 8 


14.3 


.98 


16 


8 20.6 


6.73 


.411 


45 


19 43 


40 


8.5 


80 


6 69 


14.1 


.91 


80 


8 14.4 


6.51 


.899 


50 


19 17 


89 


8.4 


40 


6 51 


18.8 


.89 


17 


3 8.6 


6.31 


.386 


55 


18 62 


89 


8.8 


50 


6 43 


18.5 


.87 


80 


8 2.9 


6.12 


.874 


2 


18 29 


88 


8.2 


8 


6 86 


18.8 


.86 


18 


2 57.6 


5.94 


.862 


5 


18 6 


87 


8.1 


10 


6 28 


18.1 


.88 


19 


2 47.7 


6.61 


.340 


10 


17 43 


36 


8.0 


20 


6 21 


12.8 


.82 


20 


2 88.7 


6.31 


.322 


15 


17 21 


86 


2.9 


30 


6 14 


12.6 


.80 


21 


2 30.5 


6.04 


.305 


20 


17 


85 


2.8 


40 


6 7 


12.3 


.79 


22 


2 23.2 


4.79 


.290 


25 


16 40 


84 


2.8 


50 


6 


12.1 


.77 


28 


2 16.5 


4.57 


.276 


80 


16 21 


88 


2.7 


9 


5 64 


11.9 


.76 


24 


2 10.1 


4.85 


.264 


86 


16 2 


38 


2.7 


10 


6 47 


11.7 


.74 


26 


2 4.2 


4.16 


.252 


40 


15 48 


82 


2.6 


20 


6 41 


11.5 


.78 


26 


168.8 


8.97 


.241 


45 


16 25 


82 


2.6 


80 


6 86 


11.8 


.72 


27 


168.8 


8.81 


.230 


50 


16 8 


81 


2.4 


40 


6 80 


11.1 


.71 


28 


149.1 


8.66 


.219 


55 


14 51 


80 


2.8 


60 


5 25 


11.0 


.70 


29 


144.7 


8.60 


.209 


8 


14 86 


80 


2.8 


10 


6 20 


10.8 


.69 


80 


140.6 


8.86 


.201 


5 


14 19 


29 


2.2 


10 


5 16 


10.6 


.67 


31 


186.6 


8.23 


.193 


10 


14 4 


29 


2.2 


20 


6 10 


10.4 


.66 


82 


183.0 


8.11 


.186 


15 


18 60 


28 


2.1 


80 


6 6 


10.2 


.64 


38 


129.6 


2.99 


.179 


20 


13 86 


28 


2.1 


40 


5 


10.1 


.63 


34 


126.1 


2.88 


.173 


25 


18 21 


27 


2.0 


50 


4 66 


9.9 


.62 


85 


128.0 


2.78 


.167 


80 


13 7 


27 


2.0 


11 


4 51 


9.8 


.60 


86 


120.0 


2.68 


.161 


85 


12 58 


26 


2.0 


10 


4 47 


9.6 


.69 


87 


1 17.1 


2.58 


.156 


40 


12 41 


26 


1.9 


20 


4 43 


9.6 


.58 


38 


1 14.4 


2.49 


.149 


45 


12 28 


25 


1.9 


80 


4 89 


9.4 


.57 


89 


111.8 


2.40 


.144 


50 


12 16 


25 


1.9 


40 


4 85 


9.2 


.66 


40 


1 9.8 


2.82 


.189 


55 


12 8 


26 


1.8 


50 


4 81 


9.1 


.66 


41 


1 6.9 


2.24 


.184 


4 


11 52 


24 


1.7 


12 


4 28 


9.0 


.66 


42 


1 4.6 


2.16 


.180 
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TABLE Vn. 
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Attronomical Reftactioiu. 







Diir. 


Diff. 






Diff. 


Diff. 






Diff: 


Diff. 


T 


Mean 


for + 


for — 


App. 


Mean 


for-H 


fer- 


App. 


Mean 


ft>r + 


Ibr— 


Refr. 


IBwr. 


lOFah. 


Alt. 


B«fr. 


IBar. 


loFah. 


All. 


Refr. 


IBar. 


loPah- 


o 


/ ft 


tf 


ft 


o 


tt 


tt 


It 


o 


It 


tt 


ti 


42 


1 4.6 


2.16 


0.180 


68 


86.4 


1.22 


0.078 


74 


16.6 


0.56 


0.088 


43 


1 2.4 


2.09 


.126 


69 


86.0 


1.17 


.070 


76 


15.5 


.62 


.081 


44 


1 0.8 


2.02 


.120 


60 


83.6 


1.12 


.067 


76 


14.4 


.48 


029 


45 


68.1 


1.96 


.116 


61 


82.8 


1.08 


.066 


77 


13.4 


.45 


.027 


46 


66.1 


1.88 


.112 


62 


31.0 


1.04 


.062 


78 


12.8 


.41 


.026 


47 


64.2 


1.81 


.108 


63 


29.7 


.99 


.060 


79 


11.2 


.88 


.028 


48 


052.8 


1.76 


.104 


64 


28.4 


.96 


.057 


80 


10.2 


.84 


.021 


49 


50.6 


1.69 


.101 


65 


27.2 


.91 


.056 


81 


9.2 


.81 


.018 


60 


48.8 


1.68 


.097 


66 


25.9 


.87 


.062 


82 


8.2 


.27 


.016 


51 


47.1 


1.68 


.094 


67 


24.7 


.83 


.060 


88 


7.1 


.24 


.014 


52 


46.4 


1.62 


.090 


68 


28.5 


.79 


.047 


84 


6.1 


.20 


.012 


58 


48.8 


1.47 


.088 


69 


22.4 


.76 


.045 


85 


5.1 


.17 


.010 


54 


042.2 


1.41 


.085 


70 


21.2 


.71 


.048 


86 


4.1 


.14 


.008 


55 


40.8 


1.86 


.082 


71 


19.9 


.67 


.040 


87 


8.1 


.10 


.006 


56 


89.3 


1.81 


.079 


72 


18.8 


.68 


.088 


88 


2.1 


.07 


.004 


67 


87.8 


1.26 


.076 


73 


17.7 


.69 


.086 


89 


1.0 


.03 


.002 


68 


86.4 


1.22 


.078 


74 


16.6 


.66 


.033 


1 90 


0.0 


.00 


.000 



TABLE Vni. 

SuiCz Parallax in Altiivdt, 

Arqubients. Sun's Semi-diameter at top and Altitnde at side. 





15' 40" 


15' 50" 


16' 0" 


16' 10" 


16' 20" 


o 


ft 


ti 


It 


H 





8.4 


8.5 


8.6 


8.7 


8.7 


5 


8.4 


8.4 


8.5 


8.6 


8.7 


10 


8.8 


8.4 


8.4 


8.5 


8.6 


15 


8.1 


8.2 


8.8 


8.4 


8.4 


20 


7.9 


8.0 


8.1 


8.1 


8.2 


26 


7.6 


7.7 


7.8 


7.8 


7.9 


80 


7.8 


7.8 


7.4 


7.5 


7.6 


85 


6.9 


6.9 


7.0 


7.1 


7.2 


40 


6.4 


6.6 


6.6 


6.6 


6.7 


45 


5.9 


6.0 


6.1 


6.1 


6.2 


60 


5.4 


5.5 


5.5 


5.6 


5.6 


65 


4.8 


4.9 


4.9 


5.0 


5.0 


60 


4.2 


4.2 


4.8 


4.3 


4.4 


65 


8.5 


8.6 


8.6 


8.7 


8.7 


70 


2.9 


2.9 


2.9 


8.0 


8.0 


75 


2.2 


2.2 


2.2 


2.2 


2.8 


80 


1.5 


1.5 


1.5 


1.5 


1.5 


85 


0.7 


0.7 


0.7 


0.8 


0.8 


90 


■ 0.0 


0.0 


0.0 


0.0 


0.0 
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TABLE IX. 



3£ean Right Ascensiom and Declinations of 30 prxtvcipal fixed Stan /or 
January 1, 1850. 



Na 



Andromedsd 

Urs. Min. (Polaris),. 

Arietis 

Ceti 

Tauri (Aldebaran) .. 

Aurigfe (Capella) .... 

^ Orionis {Eiffel) 

/8 Tauri 

ColumbflB 

Ononis 



Star's Name. 



cc Canis Maj. (Siriut).., 
9t Canis Min. [Proeyon) 
& QtunnoT (PoUux) 

Hydrce , 

« \jtoms (ReguUu) 

/8 Leonis 

<e Virginis (Spiea) 

Bootis (Areturut) 

«* Libra 

yd UrssB Minoris. 

yS Libr9D 

CoronsB Borealis 

/6*Scorpii 

Soorpii (AfUara) 

Lyra (Vega) 

fit Aquilee (AUair) 

Cygni 

« Aquarii 

Pis. Aus. (Fomalhaut) 

Pcgasi (Markab) ... 



Mag. 



2 
2 
2 
2.8 
1 
1 
1 
2 
2 
1 
1 
1 
2 
2 
1 
2 
1 
1 
2.3 
2.3 
2 
2 
2 
1 
1 
1.2 
1.2 
8 
1 
2 



Right Ajoen. Ann. Tar. Declination. Ann. Tar. 



h m 8. 

38.51 

1 5 1.30 

1 58 43.60 

2 54 26.52 

4 27 19.04 

5 5 86.98 
5 7 19.81 
5 16 48.80 
5 8413.17 

5 47 8.11 

6 88 32.15 

7 31 26.83 
7 86 7.73 
9 20 12.83 

10 22.64 
11 41 24.22 

13 17 17.80 

14 8 49.22 

14 42 85.34 
145111.96 

15 8 56.39 
15 28 20.24 
15 56 43.27 
162013.11 
183151.58 
1943 27.85 
203619.13 
2158 4.66 
22 49 21.25 
22 57 17.52 



+ 8.082 
+17.654 



8.362 
8.126 
8.433 
4.418 
2.880 
8.788 
2.177 
8.246 
2.644 
8.146 
3.682 
+ 2.947 
+ 8.202 



+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 



8.065 
8.149 
2.733 
3.806 
0.271 



8.220 
+ 2.537 
+ 3.478 
+ 3.666 

2.030 

2.928 
+ 2.042 
+ 8.088 

8.835 
+ 2.982 



+2815 43.8 
+88 80 34.9 
+22 45 1.7 
+ 8 29 51.0 
+16 12 10.8 
+46 60 20.7 

— 8 22 46.2 
+28 28 29.3 
—34 9 24.6 
+ 7 22 26.6 
—16 30 53.3 
+ 6 36 16.8 
+28 23 0.7 

— 8 41.1 
+12 4153.2 
+16 24 37.4 
—10 22 87.8 
+19 57 56.1 
—15 24 54.9 
+74 46 5.4 

— 8 49 83.0 
+27 13 21.3 
—19 23 26.G 
—26 5 40.3 
+38 38 47.9 
+ 8 28 82.5 
+44 44 46.4 

— 1 2 48.6 
—30 25 2.9 
+14 23 67.3 



+19.90 

--19.26 

--17.28 

14.40 

7.72 

4.29 

4.54 

8.55 

2.25 

1.18 

— 4.60 

— 8.86 

— 8.28 
—16.85 
—17.38 
—20.09 
—18.98 
—18.95 
—16.28 
—14.76 
—13.61 
—12.39 
—10.29 

— 8.60 
+ 8.05 
+ 9.12 
+12.68 
+17.26 
+18.88 
+19.29 





1 Year. 


Right Aaoensfcm. 


Ann. Var. 




Ann. Tar. 


2 


Polaris 


1840 
1860 
1860 


h m s. 
1 2 10.68 
1 5 1.30 
1 8 1.73 


+16.501 
17.654 
18.784 


88 27 21.9 
88 80 84.9 
88 88 47.6 


+19^32 
19.25 
19.16 





Tear. 


4 


Iiog.M 


9 


Log. N 


¥ 


Log.M' 


9* 


Log.N' 


1840 
1860 
1860 


o / 

258 8 
252 22 
251 84 


1.6679 
1.6888 
1.6995 


o / 

166 17 
165 86 
164 58 


1.8060 
1.8048 
1.8045 


255 41 
255 14 
254 45 


1.8557 
1.8704 
1.8855 


159 81 
158 87 
157 40 


0.8487 
0.8498 
0.8510 
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TABLE IX. 



87 



Ooiulantt for the Aberratum and I/utaikm in Right AicOMion <md 
Declination, 





AlH:Tr«L>()n« 1 


Kut&tkfik 1 


K& 


4 


hoe.m 


B 


I4J«.1.. 


*' w-»' 1 


&^ 


Log. ft' 


I 


Q t 

269 58 


ojr>oi 


216 81 


1.07SS 


O f 

197 22 


ao4a4 


a t 

180 8 


0.8366 


2 


25a S 


1.6679 


166 17 


1.3050 


256 41 


1.3657 


159 31 


0.8487 


8 


238 17 


0.1400 


209 61 


0.8966 


191 1 


0.0686 


1 142 43 


0.8764 


4 


^4 8 


0.114*) 


263 3 


0.S676 


ISI 26 


0.0«^10 


128 8 


0.9067 


5 


^1 U 


0J44S 


233 13 


0.6741 


183 26 


9.0714 


107 47 


0.9490 


6 


W2 41 


0.287fi 


116 17 


O.Q108 


185 41 


0.1817 


100 21 


0.9692 


7 


102 13 


0.1365 


273 40 


1.0291 


178 48 


9.9052 


99 68 


0,9696 


g 


m> 4 


0.1874 


13g 4S 


0,3803 


182 48 


0.1138 


98 12 


0.9612 


a 


13^ 


0.2146 


274 22 


J. 2325 


176 21 


9.8736 


94 63 


0.9636 


10 


im 6 


0.1362 


268 27 


0.7639 


180 14 


0.0469 


92 31 


0.9644 


11 


171 15 


O.1600 


265 47 


1.1153 


181 52 


9.W}46 


82 53 


0.9621 


12 


im 69 


0,li'96 


276 64 


0.8078 


178 47 


0.0401 


72 41 


0.9498 


13 


157 54 


0.1827 


14 14 


0.606H 


174 


0.1097 


71 45 


0.9483 


14 


132 31 


0.1158 


257 26 


0.9971 


im 43 


0.0<366 


48 29 


0,8991 


15 


122 13 


0.1161 


303 30 


0.8162 


173 47 


0.0465 


37 60 


0.8766 


16 


95 12 


0.1116 


306 11 


0.9621 


170 57 


0.0328 


G 24 


0.8378 


17 


69 13 


0.1067 


243 22 


0.8869 


186 ShS 


0.0363 


834 67 


0.8547 


13 


&S ^d 


0.1336 


296 12 


1.09^*8 


ltl8 53 


9.9932 


319 54 


0.8810 


19 


47 2 


0.1276 


228 U 


0.7898 


186 27 


0.0583 


341 4 


0.9001 


20 


44 43 


0.6960 


345 5 


1.8087 


86 62 


0.2210 


338 47 


0.9062 


21 


40 27 


0.1212 


260 19 


0.7986 


183 21 


O.0447 


334 41 


0.9146 


22 


85 m 


OJ703 


292 23 


1.1786 


167 21 


9.9406 


300 12 


0.9246 


23 


28 50 


0.1487 


213 57 


0.6219 


185 19 


0.0783 


294 5 


0.9876 


24 


2S 15 


OJ730 


177 43 


0.6796 


185 48 


0.1017 


289 14 


0.9466 


25 


352 46 


0.23!J8 


264 22 


1.2646 


186 37 


9.8423 


264 3 


0.9629 


20 


3»6 8 


0.1 30B 


2G2 Trfi 


1.0241 


182 17 


9.9974 


250 16 


0.9457 


27 


, 323 24 


0,2679 


240 34 


1.2636 


208 36 


9.9031 


288 56 


0.9226 


2S 


802 49 


0.1057 


272 25 


0.8992 


179 27 


0.0249 


218 28 


0.8778 


20 


289 17 


0.163& 


337 25 


1.0272 


163 9 


0.0747 


203 20 


0.6524 


34) 


2S7 9 


0.1120 


241 69 


1.0143 


188 25 


0.0U6 


200 49 


0,8492 



Mcmtbt 


Gom, 


BEL 




DftJ*. 




Dift 




l>*ji. 




Jttnuary 


.000 


.000 




1 


.000 


13 


.033 


26 


.066 


Februaiy 


.086 


.086 




2 


.003 


14 


.036 


2tP 


.068 


i BlttT^h 


.162 


.164 




3 


.005 


16 


.038 


27 


.071 


April 


.246 


.249 




4 


.008 


16 


.041 


28 


.074 


M^vy 


.329 


.331 




6 


,011 


IT 


,044 


29 


.077 


Jttn« 


.413 


.416 




6 


.014 


18 


.047 


80 


.079 


July 


.496 


.498 




7 


.016 


19 


.049 


31 


.082 


An^^t 


.580 


.588 




8 


.019 


20 


.052 






Sept<jrober 


.666 


.668 




9 


.022 


21 


.066 






Oclobcr 


.747 


.750 




10 


.tm 


22 


.057 






NoTcmber 


.832 


.835 




11 


.027 


23 


.060 






December 


.914 


.917 




12 


.030 


24 


.063 







51 
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TABLE X. 



Fbr eonvertinff Interrak of Mean Solar Ptme into equtvateut Interrala of 

Sidereal Time. 



Honrt. 1 


Mlnutea. | 


SeooDdt. 1 


ii 


in 
BiderealTiiDe. 


II 


SkLTlBM. 


ij 


Sid. Time. 


1^ 
11 


BqniTt. 

tn 
8. Time. 


1^ 


8.1lB«. 


1 
2 
8 


h. m. t. 

1 9.856 

2 19.718 
8 29.569 


1 

2 
8 


m. t. 

1 0.164 

2 0.829 
8 0.498 


81 
82 
88 


81 5.092 

82 5.257 
88 5.421 


1 
2 
8 


^008 
2.005 
8.008 


81 
82 
88 


3^085 
82.088 
88.090 


4 

6 
6 


4 89.426 

5 49.282 

6 59.189 


4 

5 
6 


4 0.657 
6 0.821 
6 0.986 


84 
85 
86 


84 5.585 

85 5.760 

86 5.914 


4 

5 
6 


4.011 
5.014 
6.016 


84 
85 
86 


84.098 
85.096 
86.099 


7 

i I 


7 1 8.996 

8 1 18.852 

9 1 28.708 


7 
8 
9 


7 1.150 

8 1.814 

9 1.478 


87 
88 
89 


87 6.078 

88 6.242 

89 6.407 


7 
8 
9 


7.019 
8.022 
9.025 


87 
88 
89 


87.101 
88.104 
89.107 


10 

11 

12 


10 1 88.565 

11 1 48.421 

12 1 58.278 


10 
11 
12 


10 1.648 

11 1.807 

12 1.971 


40 
41 
42 


40 6.571 

41 6.785 

42 6.900 


10 
11 
12 


10.027 
11.080 
12.088 


40 
41 
42 


40.110 
41.112 
42.116 


13 
14 
15 


18 2 8.184 

14 2 17.991 

15 2 27.847 


18 
14 
15 


18 2.186 

14 2.800 

15 2.464 


48 
44 
45 


48 7.064 

44 7.228 

45 7.892 


18 
14 
15 


18.086 
14.088 
15.041 


48 
44 
45 


48.118 
44.120 
45.128 


16 
17 
18 


16 2 87.704 

17 2 47.560 

18 2 57.417 


16 
17 
18 


16 2.628 

17 2.798 

18 2.957 


46 
47 
48 


46 7.557 

47 7.721 

48 7.885 


16 
17 
18 


16.044 
17.047 
18.049 


46 
47 
48 


46.126 
47.129 
48.181 


19 
20 
21 


19 8 7.278 

20 8 17.129 

21 8 26.986 


19 
20 
21 


19 8.121 

20 8.285 

21 8.450 


49 
50 
51 


49 8.049 

50 8.214 

51 8.878 


19 
20 
21 


19.052 
20.055 
21.057 


49 
50 
61 


49.184 
50.187 
51.140 


22 
28 
24 


22 8 86.842 
28 8 46.699 
24 8 56.555 


22 
28 
24 


22 8.614 
28 8.778 
24 8.948 


52 
58 
54 


52 8.542 
58 8.707 
54 8.871 


22 
28 
24 


22.060 
28.063 
24.066 


52 
58 
54 


52.142 
58.146 
54.148 






25 
26 
27 


25 4.107 

26 4.271 

27 4.435 


55 
56 
57 


55 9.085 

56 9.199 

57 9.864 


25 
26 
27 


25.069 
26.071 
27.074 


55 
56 
57 


65.151 
56.158 
67.166 






28 
29 
80 


28 4.600 

29 4.764 
80 4.928 


58 
59 
60 


58 9.528 

59 9.692 

60 9.856 


28 
29 
80 


28.077 
29.079 
80.082 


58 
69 
60 


68.169 
69.162 
60.164 
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TABLE XI. 



W 



fhr converting Interrako^ Sidereal Time into equivalent Intervals o/Mean 

Solar Time. 



Hovn. 1 


Hinutei. i 


Seconds. | 


S3 


IqniTftlento 

in 
MauiTlBM. 


^1 


EqulTs. 

in 

Mean Time. 


11 


E,ni^ 
HMD Time. 


11 

1^ 


EqniTB. 

in 
ILTine. 


II 

1^ 


M.Time. 


1 

2 
d 


h. m. a. 

69 60.170 

1 69 40.841 

2 69 80.611 


1 
2 
8 


"o 69.836 

1 69.672 

2 69.609 


81 
82 
83 


80 M.921 

81 64.768 

82 64.694 


1 
2 
8 


0*^997 
1.994 
2.992 


81 
82 
88 


80^916 
31.918 
82.910 


4 
6 
6 


8 69 20.682 
4 69 10.862 
6 69 1.028 


4 
6 
6 


8 69.846 
4 69.181 
6 69.017 


84 
86 
86 


88 64.480 
84 64.266 
86 64.102 


4 

6 
6 


8.989 
4.986 
6.984 


84 
85 
86 


88.907 
84.904 
36.902 


7 
8 
9 


6 68 61.198 

7 68 41.864 

8 68 81.684 


7 
8 
9 


6 68.863 

7 68.689 

8 68.626 


87 
88 
89 


86 68.988 
37 68.776 
88 68.611 


7 
8 
9 


6.981 
7.978 
8.976 


87 
88 
89 


86.899 
87.896 
88.894 


10 
11 
12 


9 68 21.704 

10 68 11.876 

11 68 2.046 


10 
11 
12 


9 68.862 

10 68.198 

11 68.034 


40 
41 
42 


89 68.447 

40 68.288 

41 68.119 


10 
11 
12 


9.973 
10.970 
11.967 


40 
41 
42 


39.891 
40.888 
41.886 


18 
14 
15 


12 67 62.216 
18 67 42.886 
14 67 82.667 


18 
14 
16 


12 67.870 

13 67.706 

14 67.648 


48 
44 
46 


42 62.966 
48 62.792 
44 62.629 


13 
14 
16 


12.966 
18.962 
14.969 


48 
44 
45 


42.888 
43.880 
44.877 


16 
17 
18 


16 67 22.727 

16 67 12.898 

17 67 8.068 


16 
17 
18 


16 67.879 

16 67.216 

17 67.061 


46 
47 
48 


46 62.464 

46 62.800 

47 62.186 


16 
17 
18 


16.966 
16.964 
17.961 


46 
47 
48 


46.874 
46.872 
47.869 


19 
20 
21 


18 66 68.288 

19 66 43.409 

20 66 88.679 


19 
20 
21 


18 66.887 

19 66.728 

20 66.660 


49 
60 
61 


48 61.973 

49 61.809 
60 61.646 


19 
20 
21 


18.948 
19.946 
20.943 


49 
60 
61 


48.866 
49.868 
60.861 


22 
28 
24 


21 66 28.760 

22 66 18.920 
28 66 4.091 


22 
28 
24 


21 66.896 

22 66.232 
28 66.068 


62 
68 
64 


61 61.481 

62 61.817 
68 61.168 


22 
23 
24 


21.940 
22.987 
23.934 


62 
63 
64 


61.868 
62.856 
63.868 






26 

26 

27 


24 66.904 
26 66.741 
26 66.677 


66 
66 
67 


64 60.990 
66 60 826 
66 60.662 


26 
26 
27 


24.982 
26.929 
26.926 


66 
66 
67 


64.860 
56.847 
66.844 






28 
29 
80 


27 66.418 

28 66.249 

29 66.086 


68 
69 
60 


67 60.498 

68 60.884 

69 60.170 


28 
29 
80 


27.924 
28.921 
29.918 


68 
69 
60 


67.842 
68.889 
69.886 
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TABLE Xn. 



TABLB Xm. 



Vcduei of Of the change of hour angle, c^yr- 
responding to tntervcUs of mean woiar time. 



Log. G— Log. 



2 sin \tc 



Int. 


e 


Int. 


e 


Int. c II 


Int. 


c 


hr. 


o / 


hr. 


o / 


br. 


o / 


hr. 


o / 


0.01 


9 


0.61 


9 9 


1.21 


18 9 


1.81 


27 9 


.02 


18 


.62 


9 18 


1.22 


18 18 


1.82 


27 18 


.03 


27 


.68 


9 27 


1.23 


18 27 


1.83 


27 27 


.04 


86 


.64 


9 86 


1.24 


18 86 


1.84 


27 86 


-06 


46 


.66 


9 46 


1.26 


18 46 


1.86 


27 46 


.06 


64 


.66 


9 64 


1.26 


18 64 


1.86 


27 64 


.07 


1 8 


.67 


10 8 


1.27 


19 8 


1.87 


28 8 


.08 


1 12 


.68 


10 12 


1.28 


19 12 


1.88 


28 12 


.09 


1 21 


.69 


10 21 


1.29 


19 21 


1.89 


28 21 


.10 


1 80 


.70 


10 80 


1.80 


19 80 


1.90 


28 80 


.11 


1 89 


.71 


10 89 


1.81 


19 89 


1.91 


28 89 


.12 


1 48 


.72 


10 48 


1.82 


19 48 


1.92 


28 48 


.18 


1 67 


.78 


10 67 


1.88 


19 67 


1.98 


28 67 


.14 


2 6 


.74 


11 6 


1.84 


20 6 


1.94 


29 6 


.16 


2 16 


.76 


11 16 


1.86 


20 16 


1.96 


29 16 


.16 


2 24 


.76 


11 24 


1.86 


20 24 


1.96 


29 24 


.17 


2 88 


.77 


11 88 


1.87 


20 88 


1.97 


29 88 


.18 


2 42 


.78 


11 42 


1.88 


20 42 


1.98 


29 42 


.19 


2 61 


.79 


11 61 


1.89 


20 61 


1.99 


29 61 


.20 


8 


.80 


12 


1.40 


21 


2.00 


80 


.21 


3 9 


.81 


12 9 


1.41 


21 9 


2.01 


80 9 


.22 


8 18 


.82 


12 18 


1.42 


21 18 


2.02 


80 18 


.28 


8 27 


.88 


12 27 


1.43 


21 27 


2.08 


80 27 


.24 


8 86 


.84 


12 86 


1.44 


21 86 


2.04 


80 86 


.26 


8 46 


.86 


12 46 


1.46 


21 46 


2.06 


80 46 


.26 


8 64 


.86 


12 64 


1.46 


21 64 


2.06 


80 64 


.27 


4 8 


.87 


18 8 


1.47 


22 8 


2.07 


81 8 


.28 


4 12 


.88 


18 12 


1.48 


22 12 


2.08 


81 12 


.29 


4 21 


.89 


18 21 


1.49 


22 21 


2.09 


81 21 


.80 


4 80 


.90 


18 80 


1.60 


22 80 


2.10 


81 80 


.81 


4 89 


.91 


18 89 


1.61 


22 89 


2.11 


81 89 


.82 


4 48 


.92 


18 48 


1.62 


22 48 


2.12 


81 48 


.88 


4 67 


.98 


18 67 


1.68 


22 67 


2.18 


81 67 


.84 


6 6 


.94 


14 6 


1.64 


28 6 


2.14 


82 6 


.86 


6 16 


.96 


14 16 


1.66 


28 16 


2.16 


82 16 


.86 


6 24 


.96 


14 24 


1.66 


28 24 


2.16 


82 24 


.87 


6 88 


.97 


14 88 


1.67 


28 88 


2.17 


82 88 


.88 


6 42 


.98 


14 42 


1.68 


28 42 


2.18 


82 42 


.89 


6 61 


.99 


14 61 


1.69 


28 61 


2.19 


82 61 


.40 


6 


1.00 


16 


1.60 


24 


2.20 


88 


.41 


6 9 


1.01 


16 9 


1.61 


24 9 


2.21 


88 9 


.42 


6 18 


1.02 


16 18 


1.62 


24 18 


2.22 


88 18 


.48 


6 27 


1.08 


16 27 


1.68 


24 27 


2.28 


88 27 


.44 


6 86 


1.04 


16 86 


1.64 


24 86 


2.24 


88 86 


.46 


6 46 


1.06 


16 46 


1.66 


24 46 


2.26 


88 46 


.46 


6 64 


1.06 


16 64 


1.66 


24 64 


2.26 


88 64 


.47 


7 8 


1.07 


16 8 


1.67 


26 8 


2.27 


84 8 


.48 


7 12 


1.08 


16 12 


1.68 


26 12 


2.28 


84 12 


.49 


7 21 


1.09 


16 21 


1.69 


26 21 


2.29 


84 21 


.60 


7 80 


1.10 


16 80 


1.70 


26 80 


2.80 


84 80 


.61 


7 89 


1.11 


16 89 


1.71 


26 89 


2.81 


84 89 


.62 


7 48 


1.12 


16 48 


1.72 


26 48 


2.82 


84 48 


.68 


7 67 


1.18 


16 67 


1.78 


26 67 


2.88 


84 67 


.64 


8 6 


1.14 


17 6 


1.74 


26 6 


2.84 


86 6 


.66 


8 16 


1.16 


17 16 


1.76 


26 16 


2.86 


86 16 


.66 


8 24 


1.16 


17 24 


1.76 


26 24 


2.86 


86 24 


.67 


8 88 


1.17 


17 88 


1.77 


26 88 


2.87 


86 88 


.68 


8 42 


1.18 


17 42 


1.78 


26 42 


2.88 


86 42 


.69 


8 61 


1.19 


17 61 


1.79 


26 61 


2.89 


86 61 


.60 


9 


1.20 


18 


1.80 


27 


2.40 


86 



Int 


Uf 


hr. 




0.0 


9.4180 


0.1 


9.4180 


0.2 


9.4179 


0.8 


9.4179 


0.4 


9.4178 


0.6 


9.4177 


0.6 


9.4176 


0.7 


9.4174 


0.8 


9.4172 


0.9 


9.4170 


1.0 


9.4167 


1.1 


9.4166 


1.2 


9.4162 


1.8 


9.4169 


1.4 


9.4165 


1.6 


9.4162 


1.6 


9.414S 


1.7 


9.4144 


1.8 


9.4140 


1.9 


9.4186 


2.0 


9.4180 


2.1 


9.4126 


2.2 


9.4120 


2.8 


9.4114 


2.4 


9.4108 


2.6 


9.4102 


J 
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Vmlum o/e% the change of Right Ascendon 
of Zenithy corresponding to intmxxh of mean 
miartime. 



Log. C'-Log. 
2fnnitc' 



lot 


tf 


1st 


tf 


iBt 


c' 


hv. 


O / H 


hr. 


o / n 


hr. 


o / // 


0.01 


9 1.6 


0.61 


9 10 80.2 


1.21 


18 11 68.9 


.02 


18 8.0 


.62 


9 19 81.7 


1.22 


18 21 0.4 


.08 


27 4.4 


.68 


9 28 88.1 


1.23 


18 80 1.9 


.04 


86 6.9 


.64 


9 87 84.6 


1.24 


18 89 8.8 


.06 


46 7.4 


.66 


9 46 86.1 


1.26 


18 48 4.8 


.06 


64 8.9 


.66 


9 66 87.6 


1.26 


18 67 6.8 


.07 


1 8 10.8 


.67 


10 4 89.1 


1.27 


19 6 7.8 


.08 


1 12 11.8 


.68 


10 18 40.6 


1.28 


19 16 9.2 


.09 


1 21 18.8 


.69 


10 22 42.0 


1.29 


19 24 10.7 


.10 


1 80 14.8 


.70 


10 81 48.6 


1.80 


19 88 12.2 


.11 


1 89 16.8 


.71 


10 40 46.0 


1.81 


19 42 18.7 


.12 


1 48 17.7 


.72 


10 49 46.4 


1.82 


19 61 16.2 


.18 


1 67 19.2 


.78 


10 68 47.9 


1.88 


20 16.6 


.14 


2 6 20.7 


.74 


11 7 49.4 


1.84 


20 9 18.1 


.16 


2 16 22.2 


.76 


11 16 60.9 


1.86 


20 18 19.6 


.16 


2 24 23.7 


.76 


11 26 62.4 


1.86 


20 27 21.1 


.17 


2 88 26.1 


.77 


11 84 68.8 


1.87 


20 86 22.6 


.18 


2 42 26.6 


.78 


11 48 66.8 


1.88 


20 46 24.0 


.19 


2 61 28.1 


.79 


11 62 66.8 


1.89 


20 64 26.6 


.20 


8 29.6 


.80 


12 1 68.8 


1.40 


21 8 27.0 


.21 


8 9 81.0 


.81 


12 10 69.8 


1.41 


21 12 28.6 


.22 


8 18 82.6 


.82 


12 20 1.2 


1.42 


21 21 29.9 


.23 


8 27 84.0 


.83 


12 29 2.7 


1.48 


21 80 81.4 


.24 


8 86 86.6 


.84 


12 88 4.2 


1.44 


21 89 82.9 


.26 


8 46 87.0 


.86 


12 47 6.7 


1.46 


21 48 84.4 


.26 


8 64 88.4 


.86 


12 66 7.1 


1.46 


21 67 86.9 


.27 


4 8 40.0 


.87 


13 6 8.6 


1.47 


22 6 87.8 


.28 


4 12 41.4 


.88 


18 14 10.1 


1.48 


22 16 88.8 


.29 


4 21 42.9 


.89 


18 28 11.6 


1.49 


22 24 40.3 


.80 


4 80 44.4 


.90 


18 82 18.1 


1.60 


22 88 41.8 


.81 


4 89 46.8 


.91 


18 41 14.6 


1.61 


22 42 48.2 


.h2 


4 48 47.8 


.92 


18 60 16.0 


1.62 


22 51 44.7 


.88 


4 67 48.8 


.93 


18 69 17.6 


1.63 


28 46.2 


.84 


6 6 60.8 


.94 


14 8 19.0 


1.64 


28 9 47.7 


.86 


6 16 61.7 


.96 


14 17 20.6 


1.65 


28 18 49.2 


.86 


6 24 68.2 


.96 


14 26 21.9 


1.66 


28 27 60.6 


.87 


6 88 64.7 


.97 


14 86 28.4 


1.57 


23 86 62.1 


.88 


6 42 66.2 


.98 


14 44 24.9 


1.58 


28 46 58.6 


.S9 


6 61 67.7 


.99 


14 68 26.4 


1.59 


28 64 66.1 


.40 


6 69.1 


1.00 


16 2 27.8 


1.60 


24 8 66.6 


.41 


6 10 0.6 


1.01 


16 11 29.8 


1.61 


24 12 68.0 


.42 


6 19 2.1 


1.02 


16 20 80.8 


1.62 


24 21 69.5 


.48 


iS 28 8.6 


1.08 


16 29 82.8 


1.68 


24 81 1.0 


.44 


6 87 6.1 


1.04 


16 88 88.8 


1.64 


24 40 2.5 


.46 


6 46 6.6 


1.06 


16 47 86.2 


1.66 


24 49 8.9 


.46 


a 66 8.0 


1.06 


16 66 86.7 


1.66 


24 68 6.4 


.47 


7 4 9.6 


1.07 


16 6 88.2 


1.67 


26 7 6.9 


.48 


7 18 11.0 


1.08 


16 14 89.7 


1.68 


26 16 8.4 


.49 


7 22 12.4 


1.09 


16 28 41.2 


1.69 


26 25 9.9 


.60 


7 81 13.9 


1.10 


16 82 42.6 


1.70 


26 84 11.8 


.61 


7 40 16.4 


1.11 


16 41 44.1 


1.71 


26 48 12.8 


.62 


7 49 16.9 


1.12 


16 60 46.6 


1.72 


26 62 14.8 


.68 


7 68 18.4 


1.18 


16 69 47.1 


1.78 


26 1 16.8 


.64 


8 7 19.8 


1.14 


17 8 48.6 


1.74 


26 10 17.8 


.66 


8 16 21.8 


1.16 


17 17 60.0 


1.76 


26 19 18.7 


.66 


8 26 22.8 


1.16 


17 26 61.6 


1.76 


26 28 20.2 


.67 


8 84 24.8 


1.17 


17 86 68.0 


1.77 


26 87 21.7 


.68 


8 48 26.8 


1.18 


17 44 64.6 


1.78 


26 46 28.2 


.69 


8 62 27.2 


1.19 


17 68 66.9 


1.79 


26 66 24.6 


.60 


9 1 28.7 


1.20 


18 2 67.4 


1.80 


27 4 26.1 



Int 


Lof.C 


hr. 




0.0 


9.4192 


0.1 


9.4191 


0.2 


9.4191 


0.8 


9.4190 


0.4 


9.4190 


0.6 


9.4188 


0.6 


9.4187 


0.7 


9.4186 


0.8 


9.4184 


0.9 


9.4181 


1.0 


9.4179 


1.1 


9.4176 


1.2 


9.4174 


1.8 


9.4170 


1.4 


9.4167 


1.6 


9.4168 


1.6 


9.4160 


1.7 


9.4156 


1.8 


9.4161 


1.9 


9.4146 


2.0 


9.4142 
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TABLE XVL 



TABLE XVn. 



Reduction of Lai, and Moon*$ Hor, Far., 
and the logarihrn of p; for compresnoi^ j }^. 

AaouMENT. Creographio Latitude. 



LogarUhnu x and y. 
Aaa. Geog. Latitude. 



Arg. 


ofLat. 


Redue. of Hor. Par. | 


Log.p 


fOf 


67' 


61' 


o 


f II 


II 


II 


n 







0.0 


0.0 


0.0 


0.0 


0.00000 


2 


47.9 


0.0 


0.0 


0.0 


0.00000 


4 


1 85.5 


0.1 


0.1 


0.1 


9.99999 


6 


2 22.7 


0.1 


0.1 


0.1 


9.99998 


8 


8 9.2 


0.2 


0.2 


0.2 


9.99997 


10 


8 54.8 


0.8 


0.8 


0.4 


9.99996 


12 


4 89.3 


0.5 


0.5 


0.5 


9.99994 


14 


5 22.4 


0.6 


0.7 


0.7 


9.99992 


16 


6 3.9 


0.8 


0.9 


0.9 


9.99989 


18 


6 48.7 


1.0 


1.1 


1.2 


9.99986 


20 


7 21.6 


1.2 


1.8 


1.4 


9.99983 


22 


7 57.8 


1.5 


1.6 


1.7 


9.99980 


24 


8 30.7 


1.8 


1.9 


2.0 


9.99976 


26 


9 1.6 


2.0 


2.2 


2.8 


9.99972 


28 


9 29.9 


2.3 


2.5 


2.7 


9.99968 


80 


9 55.4 


2.7 


2.9 


8.1 


9.99964 


82 


10 18.1 


8.0 


8.2 


8.4 


9.99960 


84 


10 87.8 


8.3 


8.6 


8.8 


9.99966 


86 


10 54.8 


8.7 


8.9 


4.2 


9.99950 


88 


11 7.7 


4.0 


4.8 


4.6 


9.99945 


40 


11 17.9 


4.4 


4.7 


5.0 


9.99940 


42 


11 24.7 


4.7 


5.1 


6.5 


9.99986 


44 


11 28.2 


5.1 


5.5 


5.9 


9.99930 


46 


11 28.4 


5.5 


5.9 


6.8 


9.99926 


48 


11 25.2 


5.9 


6.8 


6.7 


9.99920 


50 


11 18.6 


6.2 


6.7 


6.2 


9.99915 


52 


11 8.8 


6.6 


7.1 


7.6 


0.99910 


54 


10 55.7 


6.9 


7.5 


8.0 


9.99906 


56 


10 89.4 


7.3 


7.8 


8.4 


9.99901 


58 


10 19.9 


7.6 


8.2 


8.8 


9.99896 


60 


9 57.4 


7.9 


8.5 


9.1 


9.99892 


62 


9 82.0 


8.8 


8.9 


9.5 


9.99887 


64 


9 8.8 


8.6 


9.2 


9.9 


9.99888 


66 


8 82.9 


8.8 


9.5 


10.2 


9.99879 


68 


7 59.6 


9.1 


9.8 


10.5 


9.99876 


70 


7 28.8 


9.4 


10.1 


10.8 


9.99872 


72 


6 45.9 


9.6 


10.8 


11.0 


9.99869 


74 


6 6.0 


9.8 


10.5 


11.8 


9.098C6 


76 


5 24.8 


10.0 


10.7 


11.5 


9.99864 


78 


4 41.0 


10.1 


10.9 


11.7 


9.99861 


80 


8 56.8 


10.3 


11.1 


11.8 


9.99869 






10.4 


11.2 


12.0 




82 


8 10.4 


10.6 


11.8 


12.1 


9.99868 


84 


2 28.7 


10.5 


11.8 


12.1 


9.99857 


86 


1 86.2 


10.5 


11.8 


12.1 


9.99856 


88 


48.2 


10.6 


11.4 


12.2 


9.99856 


90 


0.0 


10.6 


11.4 


12.2 


9.99855 



A»f. 


Lof.. 


Loc.sr 


Oo 


0.00000 


9.99710 


2 


0.00000 


9.99710 


4 


0.00001 


9.99711 


6 


0.00002 


9.99712 


8 


0.00008 


9.99n8 


10 


0.00004 


9.99714 


12 


0.00006 


9.99716 


14 


0.00008 


9.99718 


16 


0.00011 


9.99721 


18 


0.00014 


9.99724 


20 


0.00017 


9.99727 


22 


0.00020 


9.99780 


24 


0.00024 


9.99784 


26 


0.00028 


9.99788 


28 


0.00032 


9.99742 


30 


0.00086 


9.99746 


82 


0.00041 


9.99751 


84 


0.00045 


9.99755 


86 


0.00050 


9.99760 


38 


0.00056 


9.99765 


40 


0.00060 


9.99770 


42 


0.00065 


9.99775 


44 


0.00070 


9.99780 


46 


0.00076 


9.99785 


48 


0.00080 


9.99790 


50 


0.00085 


9.99795 


52 


0.00090 


9.99800 


54 


0.00095 


9.99805 


56 


0.00100 


9.99810 


58 


0.00105 


9.99815 


60 


0.00109 


9.99819 


62 


0.00118 


9.99828 


64 


0.00117 


9.99827 


66 


0.00121 


9.99881 


68 


0.00125 


9.99886 


70 


0.00128 


9.99888 


72 


0.00181 


9.99841 


74 


0.00184 


9.99844 


76 


0.00187 


9.99847 


78 


0.00189 


9.99849 


80 


0.00141 


9.98851 


82 


0.00143 


9.99858 


84 


0.00148 


9.99858 


86 


0.00144 


9.99854 


88 


0.00146 


9.99856 


90 


0.00145 


9.99855 
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Mean New Mxms and arguments^ in 


January. 




lf«ui New 














Moon in 


I. 


n. 


in. 


IV. 


N, 




January. 












A.D. 


D. H. M. 












1821 


2 17 69 


0092 


7869 


80 


78 


828 


1822 


21 16 82 


0002 


7182 


78 


66 


930 


1828 


11 20 


0804 


6787 


61 


66 


963 


1824 B. 


29 21 68 


0814 


6110 


69 


48 


060 


1826 


18 6 41 


0616 


8716 


42 


82 


088 


1826 


7 16 80 


021fi 


2821 


26 


21 


106 


1827 


26 }8 8 


0728 


1644 


24 


09 


218 


1828 B. 


16 21 61 


0480 


0260 


07 


98 


236 


1829 


4 6 40 


0131 


8866 


90 


87 


257 


1880 


28 4 12 


0642 


8178 


88 


76 


866 


1881 


12 18 1 


0848 


6784 


71 


64 


887 


1882 B. 


1 21 60 


0046 


6389 


64 


63 


409 


1888 


19 19 22 


0666 


4712 


63 


42 


517 


1884 


9 4 11 


0267 


8818 


86 


31 


639 


1886 


28 1 48 


0768 


2641 


84 


19 


647 


1836 B. 


17 10 82 


0469 


1246 


17 


08 


669 


1887 


6 19 20 


0171 


9862 


00 


«7 


692 


1888 


24 16 68 


0681 


9176 


99 


66 


799 


1889 


14 1 42 


0888 


7780 


82 


74 


822 


1840 B. 


8 10 80 


0086 


6886 


66 


68 


844 


1841 


21 8 8 


0696 


6709 


68 


61 


961 


1842 


10 16 61 


0297 


4314 


46 


40 


974 


1848 


29 14 24 


0807 


3687 


44 


28 


081 


1844 B. 


18 28 18 


0609 


2248 


28 


17 


104 


1846 


7 8 1 


0211 


0848 


11 


06 


126 


1846 


26 6 84 


0721 


0171 


09 


94 


284 


1847 


16 14 22 


0428 


8777 


92 


84 


266 


1848 B. 


4 28 11 


0126 


7882 


76 


78 


278 


1849 


22 20 48 


0636 


6706 


78 


61 


886 


1860 


12 6 82 


0887 


6811 


66 


60 


408 


1861 


1 14 21 


0088 


8916 


40 


89 


481 


1862 B. 


20 11 68 


0649 


8239 


88 


27 


638 


1868 


8 20 42 


0251 


1«46 


21 


16 


660 


1864 


27 IS 14 


0761 


1168 


W 


04 


668 


1866 


17 8 8 


0468 


9778 


02 


93 


690 


1866 B. 


6 11 61 


0164 


8879 


86 


82 


718 


1867 


24 9 24 


0676 


7702 


84 


70 


820 


1868 


18 18 18 


0376 


6307 


67 


69 


848 


1869 


8 8 1 


0078 


4918 


60 


48 


866 


1860 B. 


22 84 


0688 


4286 


48 


86 


972 


1861 


10 9 22 


0290 


2840 


81 


26 


996 


1862 


29 6 66 


0800 


2168 


80 


14 


102 


1868 


18 16 44 


0604 


0769 


18 


08 


126 


1864 B. 


8 82 


0204 


9374 


96 


92 


147 


1866 


26 22 6 


0714 


8698 


94 


80 


266 


1866 


16 6 68 


0416 


7808 


77 


69 


277 


1867 


4 16 42 


0118 


6909 


60 


68 


299 


1868 B. 


28 18 14 


0628 


6231 


69 


46 


407 


1869 


11 22 8 


0880 


8837 


42 


86 


429 


1870 


1 6 61 


0032 


2442 


26 


24 


461 
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TABLE XIX. 



Mean LunaHoM and Change in Arg/mrnentk, 



Nun. 


Luofttknif. 


L 


II. 


m. 


IT. 


M. 




D. H. M. 












4 


14 18 22 


404 


6869 


68 


60 


48 


1 


29 12 44 


808 


717 


16 


99 


86 


2 


69 1 28 


1617 


1484 


81 


98 


170 


8 


88 14 12 


2426 


2161 


46 


97 


266 


4 


118 2 5e 


8284 


2869 


61 


96 


841 


5 


147 16 40 


4042 


8686 


76 


96 


426 


6 


177 4 24 


4861 


4808 


92 


96 


611 


7 


206 17 8 


6669 


6020 


7 


94 


696 


8 


236 6 62 


6468 


6787 


22 


98 


682 


9 


266 18 86 


7276 


6464 


87 


92 


767 


10 


296 7 20 


8086 


n7i 


68 


91 


862 


11 


824 20 6 


8898 


7889 


68 


90 


987 


12 


864 8 49 


9702 


8606 


88 


89 


22 


la 


888 21 88 


610 


9828 


98 


8$ 


10» 



TABLE XX. 

Number o/DaysJiwn ^ eommenoement o/Ae year t9 Aefini of 
each month* 



MratlM. 


OOBi. 


Ml. 




Saja. 


Pajri. 


JsnnaiT' ... 








February.. 


81 


81 


March...... 


69 


60 


April 


90 


91 


Bday 


1?0 


121 


June «. 


161 


162 


July 


181 


182 


August.... 


212 


218 


September 


248 


244 


October. ... 


278 


274 


NoTember. 


804 


805 


Paeember. 


884 


886 
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TABLE XXn. 

SuiiC* Epoch*. 



Tean. 


M.Looff. 


Long. Perig. 


L 


n. 


m. 


H. 


1821 


9-8*»48' 19" 


9'7«50' 43" 


920 


782 


260 


036 


1822 


9 8 84 


9 7 61 45 


280 


697 


686 


090 


1828 


9 8 19 40 


9 7 52 47 


640 


612 


611 


143 


1824 B. 


9 9 4 29 


9 7 63 49 


034 


630 


188 


197 


1825 


9 8 60 9 


9 7 64 61 


394 


446 


763 


261 


1826 


9 8 36 49 


9 7 65 62 


764 


860 


388 


804 


1827 


9 8 21 80 


9 7 66 64 


114 


276 


013 


858 


1828 B. 


9 9 6 18 


9 7 67 66 


608 


192 


640 


412 


1829 


9 8 61 69 


9 7 58 68 


868 


107 


266 


466 


1830 


9 8 37 89 


9 8 


228 


022 


890 


619 


1881 


9 8 23 19 


9 8 12 


688 


937 


616 


678 


1882 B. 


9 9 8 8 


9 8 2 4 


982 


856 


142 


627 


1838 


9 8 63 49 


9 8 8 6 


842 


770 


767 


681 


1834 


9 8 39 29 


9 8 4 8 


702 


684 


892 


784 


1836 


9 8 26 9 


9 8 6 10 


062 


600 


017 


788 


1836 B. 


9 9 10 6 


9 8 7 2 


466 


617 


644 


842 


1837 


9 8 66 46 


9 8 8 3 


816 


432 


269 


895 


1838 


9 8 41 27 


9 8 9 4 


176 


347 


894 


949 


1839 


9 8 27 7 


9 8 10 6 


536 


262 


619 


003 


1840 B. 


9 9 11 66 


9 8 11 8 


930 


180 


146 


056 


1841 


9 8 57 87 


9 8 12 9 


290 


095 


771 


110 


1842 


9 8 43 17 


9 8 13 11 


650 


009 


397 


164 


1848 


9 8 28 9 


9 8 14 12 


010 


925 


021 


218 


1844 B. 


9 9 13 47 


9 8 15 14 


404 


843 


648 


272 


1846 


9 8 69 27 


9 8 16 16 


764 


757 


273 


826 


1846 


9 8 46 8 


9 8 17 17 


124 


678 


897 


879 


1847 


9 8 30 48 


9 8 18 19 


484 


688 


623 


433 


1848 B. 


9 9 16 87 


9 8 19 20 


878 


605 


161 


487 


1849 


9 9 1 17 


9 8 20 22 


238 


420 


775 


640 


1860 


9 8 46 68 


9 8 21 23 


698 


336 


400 


694 


1851 


9 8 82 89 


9 8 22 24 


958 


250 


025 


648 


1852 B. 


9 9 17 27 


9 8 23 26 


353 


168 


653 


701 


1853 


9 9 3 8 


9 8 24 27 


713 


083 


277 


755 


1854 


9 8 48 48 


9 8 25 29 


073 


998 


902 


809 


1855 


9 8 34 29 


9 8 26 30 


433 


913 


627 


863 


1856 B. 


9 9 19 18 


9 8 27 32 


827 


832 


158 


916 


1857 


9 9 4 68 


9 8 28 34 


187 


746 


779 


970 


1858 


9 8 60 39 


9 8 29 35 


547 


661 


404 


024 


1859 


9 8 36 19 


9 8 80 37 


907 


576 


029 


078 


1860 B. 


9 9 21 8 


9 8 81 88 


301 


494 


656 


181 


1861 


9 9 6 49 ' 


9 8 32 39 


661 


409 


281 


185 


1862 


9 8 52 29 


9 8 83 41 


021 


824 


906 


289 


1863 


9 8 88 10 


9 8 84 42 


381 


239 


530 


292 


1864 B. 


9 9 22 68 


9 8 35 44 


775 


157 


167 


846 


1865 


9 9 8 39 


9 8 36 45 


136 


072 


783 


400 


1866 


9 8 64 20 


9 8 37 47 


495 


985 


408 


453 


1867 


9 8 40 


9 8 88 49 


855 


902 


033 


607 


1868 B. 


9 9 24 49 


9 8 89 50 


249 


820 


659 


661 


1869 


9 9 10 30 


9 8 40 62 


609 


784 


285 


615 


1870 


9 8 66 10 


9 8 41 63 


969 


649 


910 


668 


1882 


9 9 1 41 


9 8 64 10 


391 


638 


416 


813 
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TABLE XXnL 



4T 



Sun* 9 MMms for MontJis, Days, and Bburs. 



Months. 



LoDgltode. 



P». 



I. 



II. i III. 



N. 



Jan.. 



f Com.. 
• \Bi8... 

F*- {IZ: 

March 



0* Qo (y (y 

11 29 62 

1 83 18 

29 34 10 

1 28 9 11 



0" 

6 
6 
10 





966 

47 

18 

993 





997 

78 

76 

148 





998 

63 

61 

101 



April.... 

May 

June 

July 

August.. 



2 28 42 30 
8 28 16 40 
4 28 49 68 
6 28 24 8 
6 28 67 26 



42 

69 

110 

129 

182 



226 
801 
879 
464 
681 



164 
206 
259 
810 
868 



18 
18 

22 
27 
81 



September., 

October 

NoTember. . 
December . . 



7 29 80 44 

8 29 4 64 

9 29 88 12 
10 29 12 22 



238 
260 
800 
813 



609 
684 
762 
887 



416 
468 
621 
672 



86 
40 
46 

49 



Dayt. 



1 
2 
8 
4 
6 

6 
7 
8 
9 
10 

11 
12 
18 
14 
16 

16 
17 
18 
19 
20 

21 
22 
28 
24 
26 

26 
27 
28 
29 
80 
81 



Longltode. | P«r. 



0® 0' 0" 

69 8 

1 68 17 

2 67 26 
8 66 88 



66 42 
64 60 



6 68 68 

7 68 7 

8 62 16 



9 

10 
11 
12 
18 

14 
16 
16 
17 
18 

19 
20 
21 
22 
28 

24 
26 
26 
27 
28 
29 



61 28 
60 82 
49 40 
48 48 
47 67 

47 6 
46 18 
46 22 
44 80 

48 88 

42 47 
41 66 
41 8 
40 12 
89 20 

88 28 
87 87 
86 46 
86 68 
86 2 
84 10 





84 

68 

101 

186 

169 
208 
286 
270 
804 

888 
871 
406 
489 
478 

606 
640 
674 
608 
641 

676 
709 
748 

777 
810 

844 
878 
912 
946 



n. I in. 




8 
6 
8 
10 

18 
16 
18 
20 
28 

26 
28 
80 
88 
86 

88 
40 
48 
46 
48 

60 
68 
66 
68 
60 

68 
66 
68 
70 



979 I 78 
18 I 76 



27 
29 
81 
88 

84 
86 
88 
89 
41 

48 
46 
46 
48 
60 
61 



1 
2 
8 
4 
6 

6 
7 
8 
9 
10 

11 
12 
18 
14 
16 

16 
17 
18 
19 
20 

21 
22 
28 
24 



Long. 



2' 28" 
4 66 
7 28 
9 61 
12 19 

14 47 
17 16 
19 48 
22 11 
24 88 

27 6 
29 84 
82 2 
84 80 
86 68 

89 26 
41 68 
44 21 
46 49 
49 17 

61 46 
64 18 
66 40 
69 8 



1 

a 

4 
6 
7 

8 
10 
11 
18 
14 

16 
17 
18 
20 
21 

28 
24 
26 
27 
28 

80 
81 
82 
84 
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TABLE XXIV. 



Sun'* MatxoM for Mnvtes and Seconds. 



ma. 


Long, i 


BOn. 


Umg. [Wn,\ 


Long. 


Bee. 


Long. 


1 


0' 2"; 


21 


0'62" 


41 


r 41" 


1 


0" 


2 


6 


22 


64 


42 


1 48 


to 




8 


7 i 


28 


67 


48 


1 46 


12 





4 


10 


24 


69 


44 


1 48 






6 


12 


26 


1 2 


46 


1 61 


18 
to 


1 


6 


16 


26 


1 4 


46 


1 68 


86 


1 


7 


17 


27 


1 7 


47 


1 66 






8 


20 


28 


1 9 


48 


1 68 


87 


2 


9 


22 


29 


1 11 


49 


2 1 


to 




10 


26 


80 


1 14 


60 


2 8 


60 


2 


11 


27 


81 


1 16 


61 


2 6 






12 


80 


82 


1 19 


62 


2 8 






18 


82 


88 


1 21 


68 


2 11 






14 


84 


84 


1 24 


64 


2 18 






16 


87 


86 


1 26 


66 


2 16 






16 


89 


86 


1 29 


66 


2 18 






17 


42 


87 


1 81 


67 


2 20 






18 


44 


88 


1 84 


68 


2 28 






19 


47 


89 


1 86 


69 


2 26 






20 


49 


40 


1 89 


60 


2 28 







TABLB XXV. 

Sun's Horary Motion. 

Abqument. Sun's Mean Anomaly. 





0* 


!• 


Hi 


nu 


IVi 


Ti 




Oo 
10 
20 
80 


2' 88" 
2 88 
2 88 
2 82 


2' 82" 
2 82 
2 81 
2 80 


2' 80" 
2 29 
2 29 
2 28 


2' 28" 
2 27 
2 26 
2 25 


2' 26" 
2 26 
2 24 
2 24 


2' 24" 
2 28 
2 28 
2 28 


80O 

20 

10 






XI. 


x« 


t& 


vin. 


VIL 


Vli 


/ 



TABLB XXVI. 

Sun'i Semi Diasneter. 

Abqument. Sun's Mean Anomalj. 





0* 


I« 


Ili 


UI« 


IV. 


v« 




10 
20 
80 


16' 18" 
16 18 
16 17 
16 16 


16' 16" 
16 14 
16 12 
16 9 


16' 9" 
16 7 
16 4 
16 1 


16' 1" 
16 68 
16 66 
16 68 


16' 68" 
16 61 
16 49 
16 48 


16' 48" 
16 46 
16 46 
16 46 


80*> 

20 

10 






Xli 


x« 


IX" 


VUI» 


YW Vli 
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TABLE xxyn 



EguoHon o/ihe Svn'i CmUre. 
ABGTJiaBNT. Son's Mean Anotmly* 





o». 


P. 


n-. 


in^. 


ITi. 


▼•• 


oo 


VbV 80" 


2%8'16'' 


8*»40' 27" 


8«54' 60" 


8088' 21" 


2056' 9" 


1 


2 1 88 


8 


8 41 26 


8 64 47 


8 87 18 


2 54 25 


2 


2 8 87 


8 1 44 


8 42 21 


8 64 41 


8 86 14 


2 52 40 


8 


2 6 40 


8 8 27 


8 48 16 


8 54 88 


8 36 8 


2 60 64 


4 


2 7 48 


8 6 9 


8 44 8 


8 54 28 


8 84 1 


2 49 8 


b 


2 946 


8 649 


8 44 68 


8 64 11 


8 82 61 


2 47 20 


6 


2 11 49 


8 8 28 


8 46 47 


8 58 67 


8 81 41 


2 46 82 


7 


2 18 61 


8 10 6 


8 46 88 


8 58 41 


8 80 28 


2 48 48 


8 


2 16 64 


8 11 48 


8 47 17 


8 58 28 


8 29 14 


2 41 68 


9 


2 17 66 


8 18 18 


8 48 


858 8 


8 27 68 


2 40 8 


10 


2 19 67 


8 14 61 


8 48 40 


8 52 40 


8 26 41 


2 88 11 


11 


2 21 66 


8 16 24 


8 49 18 


8 52 16 


8 26 22 


2 86 19 


12 


2 28 69 


8 17 64 


8 49 66 


8 51 60 


8 24 2 


2 84 27 


18 


2 26 69 


8 19 24 


8 60 29 


8 51 21 


8 22 40 


2 82 84 


14 


2 27 69 


8 20 61 


8 61 1 


8 50 61 


8 21 17 


2 80 40 


15 


2 29 68 


8 22 18 


8 61 81 


8 50 18 


8 19 62 


2 28 46 


16 


2 81 67 


8 28 42 


8 61 69 


8 49 44 


8 18 26 


2 26 62 


17 


2 88 66 


8 26 6 


8 62 26 


8 49 7 


8 16 68 


2 24 66 


18 


2 86 62 


8 26 26 


8 62 49 


8 48 29 


8 16 80 


2 28 


19 


2 87 49 


8 27 46 


8 68 10 


8 47 49 


8 14 


2 21 4 


20 


2 89 46 


8 29 4 


8 68 80 


8 47 7 


8 12 28 


2 19 8 


21 


2 41 40 


8 80 20 


8 68 47 


8 46 22 


8 10 66 


2 17 11 


22 


2 48 84 


8 81 86 


8 64 8 


8 46 86 


8 9 22 


2 16 14 


28 


2 46 28 


8 82 48 


8 64 16 


8 44 48 


8 7 46 


2 18 16 


24 


2 47 20 


8 88 69 


8 64 27 


8 48 68 


8 6 10 


2 11 19 


26 


2 49 12 


8 86 8 


8 64 86 


8 48 7 


8 488 


2 9 21 


26 


2 61 2 


8 86 16 


8 64 48 


8 42 18 


8 264 


2 728 


27 


2 62 62 


8 87 21 


8 64 48 


8 41 18 


8 1 14 


2 626 


28 


2 64 41 


8 88 26 


8 64 61 


8 40 21 


2 69 88 


2 827 


29 


2 66 28 


8 89 27 


8 64 62 


8 89 22 


2 57 62 


2 1 28 


80 


2 68 16 


8 40 27 


8 64 60 


8 88 21 


2 56 9 


1 59 80 
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TABLE XXVn. 



JEquaiioiu o/Ae Sun't Centre. 
AstavtasT. Son's Mean Anomaly. 





VI. 


vn. 


vra. 


IX 


X 


XL 


0^ 


1«>59' 80" 


lo 2f 51" 


0O20' 89" 


Oo 4' 10" 


0O18' 88" 


1« 0'45'' 


1 


1 57 82 


1 1 8 


19 88 


4 8 


19 88 


1 2 82 


2 


1 55 88 


59 27 


18 89 


4 9 


20 85 


1 4 19 


8 


1 58 85 


57 46 


17 42 


4 12 


21 89 


16 8 


4 


1 51 87 


56 6 


16 47 


4 17 


022 44 


1 7 58 


5 


1 49 89 


54 27 


15 58 


424 


28 52 


1 948 


6 


1 47 41 


52 49 


15 2 


4 88 


26 1 


1 11 40 


7 


1 45 44 


51 18 


14 12 


4 44 


26 12 


1 18 82 


8 


1 48 46 


49 88 


13 24 


4 57 


27 25 


1 15 26 


9 


1 41 49 


48 5 


12 88 


5 18 


28 40 


1 17 20 


10 


1 89 52 


46 82 


11 58 


5 80 


29 56 


1 19 16 


11 


1 87 56 


45 


11 11 


5 60 


81 14 


1 21 11 


12 


1 86 


48 80 


10 81 


6 11 


82 84 


1 28 8 


18 


1 84 4 


42 1 


9 58 


6 85 


88 55 


1 25 5 


14 


1 82 9 


40 84 


9 16 


7 1 


85 18 


1 27 8 


15 


1 80 14 


89 8 


842 


7 29 


86 42 


1 29 2 


16 


1 28 20 


87 48 


8 9 


7 59 


88 9 


1 81 1 


17 


1 26 26 


86 20 


7 89 


8 81 


89 86 


1 88 1 


18 


1 24 88 


84 58 


7 10 


9 5 


41 6 


1 85 1 


19 


1 22 41 


88 88 


6 44 


9 42 


42 86 


1 87 1 


20 


1 20 49 


82 19 


6 20 


10 20 


44 9 


1 89 8 


21 


1 18 57 


81 2 


5 57 


11 


045 42 


1 41 4 


22 


1 17 7 


29 46 


5 87 


11 48 


47 17 


1 48 6 


28 


1 15 17 


28 82 


5 19 


12 27 


048 54 


1 45 9 


24 


1 18 28 


27 19 


5 8 


18 18 


50 82 


1 47 11 


25 


1 11 40 


26 9 


4 49 


14 2 


52 11 


1 49 14 


26 


1 9 52 


24 59 


4 87 


14 52 


58 51 


1 61 17 


27 


18 6 


28 52 


4 27 


15 45 


55 88 


1 58 20 


28 


1 6 20 


22 46 


4 19 


16 89 


57 16 


1 55 28 


29 


1 4 85 


21 41 


4 18 


17 85 


59 


1 57 27 


80 


1 2 51 


20 89 


4 10 


18 88 


1 45 


1 59 80 
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TABLE XXVlll. 
SmaU EguatwM of Sun's Longitude. 



TABLE XXIX. 61 

Mean OUiqutt^ of the 
Ecliptic. 



A«g. 


1- 


IL 


IIL 


Arg. 


I. 


n. 


m. 





10" 


10" 


10" 


600 


10" 


10" 


10" 


10 


10 


11 


9 


610 


10 


10 


9 


20 


11 


11 


9 


620 


9 


10 


8 


80 


11 


12 


8 


680 


9 


10 


7 


40 


11 


18 


8 


640 


9 


10 


7 


60 


12 


14 


7 


650 


8 


10 


6 


60 


12 


14 


7 


660 


8 


9 


6 


70 


12 


16 


7 


670 


8 


9 


4 


80 


18 


16 


7 


680 


7 


9 


8 


90 


13 


16 


7 


690 


7 


9 


8 


100 


18 


16 


7 


600 


7 


9 


2 


110 


14 


17 


7 


610 


6 


8 


1 


120 


14 


17 


7 


620 


6 


8 


1 


180 


14 


18 


8 


680 


6 


8 


1 


140 


15 


18 


8 


640 


6 


7 





160 


16 


18 


9 


660 


6 


7 





160 


16 


18 


9 


660 


6 


6 





170 


16 


18 


10 


670 


6 


6 


1 


180 


16 


18 


10 


680 


6 


6 


1 


190 


16 


18 


11 


690 


4 


6 


2 


200 


16 


18 


11 


700 


4 


6 


2 


210 


16 


18 


12 


710 


4 


4 


8 


220 


16 


18 


12 


720 


4 


4 


8 


280 


16 


18 


18 


780 


4 


4 


4 


240 


16 


17 


14 


740 


4 


8 


6 


266 


16 


17 


14 


760 


4 


8 


6 


260 


16 


17 


15 


760 


4 


8 


6 


270 


16 


16 


16 


770 


4 


2 


7 


280 


16 


16 


17 


780 


4 


2 


8 


290 


16 


16 


17 


790 


4 


2 


8 


800 


16 


15 


18 


800 


4 


2 


9 


810 


16 


16 


18 


810 


4 


2 


9 


820 


15 


14 


19 


820 


6 


2 


10 


880 


16 


14 


19 


880 


6 


2 


10 


840 


16 


14 


20 


840 


6 


2 


11 


860 


16 


18 


20 


860 


6 


2 


11 


860 


16 


13 


20 


860 


6 


2 


12 


870 


14 


12 


19 


870 


6 


2 


12 


880 


14 


12 


19 


880 


6 


8 


18 


890 


14 


12 


19 


890 


6 


8 


18 


400 


18 


11 


18 


900 


7 


4 


18 


410 


18 


11 


17 


910 


7 


4 


18 


420 


18 


11 


17 


920 


7 


6 


18 


480 


12 


11 


16 


980 


8 


6 


18 


440 


12 


11 


16 


940 


8 


6 


18 


460 


12 


10 


14 


960 


8 


6 


18 


460 


11 


10 


18 


960 


9 


7 


12 


470 


11 


10 


18 


970 


9 


8 


12 


480 


11 


10 


12 


980 


9 


9 


11 


490 


10 


10 


11 


990 


10 


9 


11 


600 


10 


10 


10 


1000 


10 


10 


10 



Tean. 


ILObUqu. 


1821 


23<>27' 46" 


1822 


28 27 46 


1828 


28 27 46 


1824 


28 27 44 


1826 


28 27 44 


1826 


28 27 48 


1827 


28 27 48 


1828 


28 27 42 


1829 


28 27 42 


1880 


28 27 41 


1881 


28 27 41 


1882 


28 27 40 


1883 


28 27 40 


1884 


28 27 89 


1886 


28 27 89 


1886 


28 27 88 


1887 


28 27 88 


1888 


28 27 87 


1889 


28 27 87 


1840 


28 27 87 


1841 


28 27 86 


1842 


28 27 36 


1848 


23 27 86 


1844 


23 27 86 


1846 


28 27 84 


1846 


28 27 84 


1847 


23 27 83 


1848 


23 27 88 


1849 


28 27 82 


1860 


28 27 82 


1861 


28 27 81 


1862 


28 27 81 


1868 


23 27 81 


1864 


23 27 80 


1866 


28 27 80 


1866 


28 27 29 


1867 


28 27 29 


1868 


28 27 28 


1869 


28 27 28 


1860 


28 27 27. 


1861 


28 27 27 


1862 


23 27 26 


1868 


23 27 26 


1864 


28 27 26 


1866 


28 27 26 


1866 


28 27 26 


1867 


28 27 24 


1868 


23 27 24 


1869 


28 27 28 


1870 


28 27 28 


1882 


28 27 17 
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TABLE XXX. 



JVittatumt. 
AsouMZNT. Sapplement of the Node, or N. 



N. 


Lomf. 


B.A0O. 


ObUq. 


If. 


Long. 


B.AM. 


OUki. 





+ 0" 


+ 


0" 


+ 


10" 


600 


— 0" 


— 0" 


— 10* 


10 


1 




1 




10 


610 


1 


1 


10 


20 


2 




2 




10 


620 


2 


2 




80 


8 




8 




9 


680 


8 


8 




40 


4 




4 




9 


640 


4 


4 




60 


+ 6 


+ 


6 


+ 


9 


650 


— 6 


— 6 


— 9 


60 


7 




6 




9 


560 


7 


6 




70 


8 




7 




9 


670 


8 


7 




80 


9 




8 




8 


680 


9 


8 


8 


90 


10 




9 




8 


690 


10 


9 


8 


100 


+ 11 


+ 


10 


+ 


8 


600 


— 11 


— 10 


— 8 


110 


11 




10 




7 


610 


11 


10 




120 


12 




11 




7 


620 


12 


11 




180 


18 




12 




7 


680 


18 


12 




140 


14 




18 




6 


640 


14 


18 




160 


+ 16 


+ 


18 


+ 


6 


660 


— 15 


— 18 


— 6 


160 


15 




14 




5 


660 


16 


14 




170 


16 




14 




6 


670 


16 


14 




180 


16 




15 




4 


680 


16 


16 




190 


17 




15 




8 


690 


17 


16 




200 


+ 17 


+ 


16 


+ 


» 


700 


— 17 


— 16 


— 8 


210 


17 




16 




2 


710 


17 


16 




220 


18 




16 




2 


720 


18 


16 




280 


18 




16 




1 


780 


18 


16 




240 


18 




16 




1 


740 


18 


16 




260 


+ 18 


+ 


16 


+ 





760 


— 18 


— 16 


— 


260 


18 




16 


«__ 


1 


760 


18 


16 


+ 1 


270 


18 




16 




1 


770 


18 


16 




280 


18 




16 




2 


780 


18 


16 


2 


290 


17 




16 




2 


790 


17 


16 


2 


800 


+ 17 


+ 


16 


— 


8 


800 


— 17 


— 16 


+ 8 


810 


17 




15 




8 


810 


17 


16 




820 


16 




15 




4 


820 


.1« 


16 




880 


16 




14 




6 


880 


•l6 


14 




840 


15 




14 




6 


840 


16 


14 




860 


+ 16 


+ 


18 


— 


6 


860 


— 16 


— 18 


+ 8 


860 


14 




18 




6 


860 


14 


18 




870 


18 




12 




7 


870 


18 


12 




880 


12 




11 




7 


880 


12 


11 




890 


11 




10 




7 


890 


11 


10 




400 


+ 11 


+ 


10 


— 


8 


900 


— 11 


— 10 


+ 8 


410 


10 




9 




8 


910 


10 







420 


9 




8 




8 


920 


9 


8 




480 


8 




7 




9 


980 


8 


7 




440 


7 




6 




9 


940 


7 


6 




460 


+ « 


+ 


6 


— 


9 


950 


— 6 


— 6 


+ » 


460 


4 




4 




9 


960 


4 


4 




470 


8 




8 


'' 


9 


970 


8 


8 




480 


2 




2 




10 


980 


2 


2 


10 


490 


1 




1 




10 


990 


1 


1 


10 


600 


+ 


+ 





• 


10 


1000 


— 


— 


+ 10 



Digitized by 



google 



TABLE XXXI. 



6i 



Earth* $ Radius Vector. 
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!• 


n« 


in- 


IVi 


Vi 




0*» 


0.98818 


0.98546 


0.99178 


1.00018 


1.00860 


1.01460 


80« 


1 


0.98818 


0.98660 


0.99199 


1.00047 


1.00874 


1.01464 


29 


2 


0.98814 


0.98676 


0.99226 


1.00077 


1.00899 


1.01477 


28 


8 


0.98816 


0.98692 


0.99251 


1.00106 


1.00928 


1.01490 


27 


4 


0.98817 


0.98608 


0.99278 


1.00185 


1.00947 


1.01508 


26 


5 


0.98819 


0.98626 


0.99804 


1.00164 


1.00971 


1.01616 


26 


6 


0.98322 


0.98648 


0.99881 


1.00198 


1.00994 


1.01627 


24 


7 


0.98826 


0.98661 


0.99859 


1.00222 


1.01017 


1.01688 


23 


8 


0.98880 


0.98679 


0.99886 


1.00251 


1.01040 


1.01649 


22 


9 


0.98884 


0.98698 


0.99414 


1.00280 


1.01062 


1.01560 


21 


10 


0.98889 


0.98717 


0.99441 


1.00808 


1.01084 


1.01569 


20 


11 


0.98844 


0.98786 


0.99469 


1.00887 


1.01106 


1.01579 


19 


12 


0.98860 


0.98756 


0.99497 


1.00366 


1.01128 


1.01688 


18 


18 


0.98857 


0.98777 


0.99626 


1.00894 


1.01149 


1.01596 


17 


14 


0.98364 


0.98797 


0.99664 


1.00422 


1.01170 


1.01604 


16 


16 


0.98872 


0.98818 


0.99582 


1.00450 


1.01190 


1.01612 


16 


16 


0.98380 


0.98840 


0.99611 


1.00478 


1.01210 


1.01619 


14 


17 


0.98888 


0.98861 


0.99640 


1.00606 


1.01230 


1.01626 


18 


18 


0.98897 


0.98888 


0.99668 


1.00684 


1.01249 


1.01682 


12 


19 


0.98407 


0.98906 


0.99697 


1.00661 


1.01268 


1.01688 


11 


20 


0.98417 


0.98929 


0.99726 


1.00688 


1.01286 


1.01648 


10 


21 


0.98428 


0.98952 


0.99765 


1.00616 


1.01804 


1.01647 


9 


22 


0.98489 


0.98976 


0.99784 


1.00642 


1.01322 


1.01662 


8 


28 


0.98450 


0.98999 


0.99818 


1.00669 


1.01840 


1.01666 


7 


24 


0.98462 


0.99028 


0.99848 


1.00696 


1.01857 


1.01669 


6 


26 


0.98476 


0.99047 


0.99872 


1.00722 


1.01878 


1.01661 


6 


26 


0.98486 


0.99072 


0.99901 


1.00748 


1.01889 


1.01668 


4 


27 


0.98501 


0.99096 


0.99930 


1.00774 


1.01406 


1.01666 


8 


28 


0.98516 


0.99122 


0.99960 


1.00799 


1.01420 


1.01666 


2 


29 


0.98580 


0.99147 


0.99989 


1.00826 


1.01485 


1.01667 


1 


80 


0.98546 


0.99178 


1.00018 


1.00860 


1.01460 


1.01667 
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PertwrbatumM of Earth's Radius Vector. 
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n. 
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8 


4 


8 


600 


2 





4 


60 


8 


4 


8 


660 


2 




4 


100 


7 


4 


2 


600 


8 




8 


160 


7 


4 


1 


660 


8 




2 


200 


6 


4 





700 


4 




1 


260 


6 


4 





760 


6 







800 


4 


8 


1 


800 


6 







860 


8 


2 


2 


860 


7 




1 


400 


8 


1 


8 


900 


7 




2 


460 


2 


1 


4 


960 


8 




8 


600 


2 





4 


1000 


8 




8 
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Ymn. 


1 


2 


8 


4 


5 


• 


T 


8 


• 


1821 


0027 


8865 


5889 


1868 


6970 


7714 


6319 


7024 


7800 


1822 


0020 


5578 


5054 


6112 


9441 


8512 


7880 


9481 


6664 


1823 


0012 


2782 


4720 


0856 


1913 


9309 


8440 


1988 


5628 


1824 B. 


0033 


0640 


5426 


5887 


4720 


5478 


9559 


4787 


4417 


1825 


0026 


7849 


6092 


0631 


7192 


1276 


0619 


7248 


8280 


1826 


0018 


6057 


4758 


5375 


9^63 


7078 


1680 


9701 


2144 


1827 


0011 


2265 


4424 


0119 


2186 


2871 


2740 


2158 


1008 


1828 B. 


0082 


0124 


5129 


5150 


4942 


9040 


8859 


5007 


9896 


1829 


0024 


7382 


4795 


9894 


7414 


4887 


4919 


7468 


8760 


1830 


0017 


4541 


4461 


4638 


9885 


0685 


6979 


9921 


7628 


1831 


0010 


1749 


4127 


9381 


2357 


6432 


7040 


2878 


6487 


1832 B. 


0030 


9607 


4888 


4412 


5164 


2601 


8158 


6226 


5876 


1833 


0023 


6816 


4499 


9156 


7636 


8399 


9219 


7688 


4289 


1834 


0016 


4024 


4164 


8900 


0107 


4196 


0279 


0140 


3108 


1835 


0009 


1282 


3830 


8644 


2579 


9998 


1840 


2698 


1967 


1886 B. 


0029 


9091 


4636 


8675 


5386 


6168 


2418 


6446 


0866 


1837 


0022 


6299 


4202 


8419 


7858 


1960 


8518 


7903 


9719 


1838 


0015 


8608 


3868 


8163 


0329 


7757 


4579 


0360 


8588 


1839 


0008 


0716 


8534 


7907 


2801 


8555 


6639 


2818 


7447 


1840 B. 


0028 


8575 


4239 


2938 


5608 


9724 


6768 


6666 


6835 


1841 


0021 


6788 


3906 


7682 


8080 


6522 


7818 


8123 


6199 


1842 


0014 


2991 


8571 


2425 


0551 


1319 


8879 


0580 


4062 


1843 


0007 


0200 


8237 


7169 


8023 


7116 


9939 


8038 


2926 


1844 B. 


0027 


8058 


8943 


2200 


5830 


8286 


1068 


5886 


1816 


1845 


0020 


5266 


8609 


6944 


8302 


9088 


2118 


8348 


0678 


1846 


0013 


2475 


3275 


1688 


0778 


4880 


3179 


0800 


9542 


1847 


0006 


9683 


2941 


6432 


8245 


0678 


4289 


8257 


8406 


1848 B. 


0026 


7542 


8646 


1463 


6052 


6847 


6358 


6106 


7296 


1849 


0019 


4750 


8312 


6207 


8524 


2644 


6418 


8568 


6158 


1850 


0012 


1958 


2978 


0951 


0995 


8442 


7479 


1020 


5022 


1851 


0005 


9167 


2644 


6695 


3467 


4239 


8639 


8477 


8886 


1852 B. 


0025 


7026 


3850 


0726 


6274 


0408 


9658 


6826 


2774 


1858 


0018 


4283 


8016 


5469 


8746 


6206 


0718 


8782 


1687 


1854 


0011 


1442 


2681 


0218 


1217 


2003 


1778 


1240 


0601 


1855 


0004 


8650 


2847 


4957 


8689 


7801 


2889 


8697 


9866 


1856 B. 


0024 


6509 


8058 


9988 


6496 


8970 


8957 


6646 


8264 


1857 


0017 


3717 


2719 


4782 


8968 


9767 


6018 


9002 


7117 


1858 


0010 


0925 


2885 


9476 


1439 


5565 


6078 


1460 


6981 


1859 


0008 


8134 


2051 


4220 


8911 


1862 


7189 


8917 


4845 


1860 B. 


0023 


5992 


2756 


9251 


6718 


7581 


8257 


6765 


8784 


1861 


0016 


8200 


2428 


8995 


9190 


8329 


9817 


9222 


2697 


1862 


0009 


0409 


2088 


8789 


1661 


9126 


0878 


1679 


1461 


1863 


0002 


7617 


1754 


8483 


4183 


4923 


1488 


4187 


0824 


1864 B. 


0022 


5476 


2460 


8614 


6941 


1098 


2557 


6984 


9212 


1865 


0016 


2684 


2126 


3257 


9412 


6890 


8617 


9442 


8076 


1866 


0008 


9898 


1792 


8001 


1883 


2687 


4678 


1899 


6940 


1867 


0001 


7101 


1457 


2746 


4355 


8485 


5788 


4857 


6804 


1868 B. 


0021 


4969 


2168 


7776 


7163 


4664 


6857 


7204 


4692 


1869 


0014 


2168 


1829 


2520 


9634 


0452 


7917 


9662 


8666 


1870 


0007 


9876 


1495 


7264 


2105 


6249 


8978 


2119 


2420 
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11 


12 


18 


14 


16 


16 


17 


18 


19 
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1821 


620 


917 


842 


142 


979 


067 


923 


831 


134 


036 


036 


1822 


226 


278 


562 


616 


172 


208 


282 


684 


609 


090 


202 


1828 


888 


639 


281 


088 


866 


348 


641 


036 


084 


148 


369 


1824 B. 


509 


030 


070 


596 


65flr 


619 


037 


431 


685 


197 


587 


1826 


116 


891 


790 


068 


868 


659 


897 


788 


060 


251 


708 


1826 


722 


752 


610 


641 


047 


800 


756 


136 


586 


804 


869 


1827 


829 


113 


229 


014 


241 


940 


115 


488 


Oil 


868 


036 


1828 B. 


005 


506 


019 


621 


683 


111 


611 


888 


512 


412 


204 


1829 


612 


866 


788 


994 


727 


261 


871 


235 


987 


466 


370 


1880 


219 


226 


468 


468 


921 


892 


280 


588 


462 


519 


536 


1881 


825 


587 


177 


940 


116 


682 


589 


940 


967 


673 


703 


1882 B. 


502 


979 


967 


447 


408 


704 


985 


836 


488 


627 


871 


1888 


108 


840 


687 


920 


602 


844 


846 


688 


913 


681 


087 


1884 


715 


701 


406 


398 


796 


984 


704 


040 


388 


784 


203 


1885 


821 


061 


125 


866 


989 


124 


068 


898 


868 


788 


870 


1886 B. 


998 


458 


915 


378 


282 


296 


459 


787 


864 


842 


688 


1887 


605 


814 


685 


846 


476 


436 


819 


140 


840 


895 


704 


1888 


211 


175 


364 


819 


670 


576 


178 


492 


815 


949 


870 


1889 


818 


536 


074 


792 


864 


716 


637 


846 


790 


003 


087 


1840 B. 


494 


927 


868 


299 


167 


888^ 


938 


239 


291 


066 


206 


1841 


101 


288 


688 


772 


361 


028 


298 


692 


766 


110 


871 


1842 


707 


649 


302 


245 


544 


168 


662 


944 


241 


164 


537 


1848 


314 


010 


022 


718 


788 


808 


012 


297 


716 


218 


704 


1844 B. 


990 


402 


811 


226 


031 


480 


407 


691 


217 


272 


872 


1845 


697 


768 


581 


698 


225 


620 


767 


044 


692 


825 


038 


1846 


208 


128 


250 


171 


419 


760 


126 


396 


167 


879 


204 


1847 


810 


484 


970 


644 


613 


901 


486 


749 


648 


433 


371 


1848 B. 


486 


876 


759 


151 


906 


072 


881 


148 


144 


487 


689 


1849 


098 


287 


479 


624 


099 


212 


241 


496 


619 


540 


706 


1850 


700 


597 


199 


097 


298 


852 


600 


848 


094 


594 


871 


1861 


806 


958 


918 


670 


487 


493 


960 


^01 


569 


648 


088 


1852 B, 


988 


850 


707 


077 


780 


664 


365 


595 


070 


701 


206 


1858 


689 


711 


427 


550 


974 


804 


715 


948 


545 


755 


372 


1854 


196 


072 


147 


028 


168 


944 


074 


300 


020 


809 


639 


1855 


802 


482 


866 


496 


861 


086 


434 


658 


496 


863 


706 


1856 B. 


479 


824 


666 


008 


654 


256 


829 


04t 


996 


916 


873 


1867 


086 


186 


876 


476 


848 


896 


189 


400 


471 


970 


039 


1858 


692 


546 


096 


949 


042 


637 


548 


752 


947 


024 


206 


1859 


299 


907 


814 


422 


286 


677 


908 


105 


422 


078 


372 


1860 B. 


975 


298 


604 


929 


629 


848 


808 


499 


928 


181 


640 


1861 


681 


659 


328 


402 


728 


988 


662 


852 


^96 


185 


706 


1862 


187 


020 


042 


876 


916 


129 


021 


204 


878 


239 


878 


1868 


794 


381 


761 


348 


110 


269 


381 


667 


848 


292 


039 


1864 B. 


470 


778 


561 


855 


403 


440 


777 


951 


849 


846 


207 


1865 


077 


184 


271 


828 


697 


680 


136 


804 


324 


400 


378 


1866 


684 


494 


990 


801 


791 


721 


495 


657 


799 


453 


640 


1867 


290 


855 


710 


274 


986 


861 


855 


009 


274 


607 


707 


1868 B. 


967 


247 


500 


781 


277 


032 


251 


404 


775 


561 


874 


1869 


678 


608 


219 


264 


471 


172 


610 


766 


251 


616 


040 


1870 


180 


968 


939 


727 


666 


318 


969 


109 


726 
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Loadtate. 1 


1821 
1822 
1828 
1824 B. 
1825 


1* 190 43' 47" 
7 10 16 16 
1 46 45 
7 2 37 15 
23 8 44 


8- 9054' 17" 
11 8 87 87 
2 7 20 57 
5 19- 8 11 
8 17 51 31 


10- 
8 
7 

4 


220 4' r 

1 41 27 

11 18 51 
8 7 43 

12 45 7 


8- 


4 
9 

1 


20 r 41" 
11 30 46 
20 53 51 
13 27 81 
22 50 37 


1826 
1827 
1828 B. 
1829 
1880 


6 13 40 14 
4 11 44 
6 6 2 13 
11 26 33 43 
5 17 5 12 


11 16 84 50 
2 15 18 10 
5 27 5 24 
8 25 48 44 

11 24 82 4 


8 
1 
5 
10 
2 


22 22 82 
1 59 56 

23 48 49 
8 26 13 

13 8 88 


6 

10 

8 

7 

11 


2 13 42 
11 86 47 

4 10 27 
13 33 32 
22 56 87 


1881 
1882 B. 
1838 
1834 
1835 


11 7 86 41 
5 9 27 11 

10 29 58 40 
4 20 80 11 

10 11 1 40 


2 23 16 24 
6 5 2 38 
9 8 45 58 
2 29 18 
8 1 12 38 


6 
11 
8 
8 



22 41 8 
14 29 54 
24 7 20 
3 44 44 
13 22 9 


4 
8 
1 
5 
9 


2 19 42 
24 53 28 

4 16 28 
13 89 83 
23 2 38 


1836 B. 
1887 
1838 
1839 
1840 B. 


4 12 52 9 
10 3 23 39 
3 23 55 9 
9 14 26 38 
8 16 17 8 


6 12 59 52 
9 11 43 12 
10 26 32 
8 9 9 53 
6 20 57 7 


5 

9 

1 

6 

10 


5 11 
14 48 26 

24 25 50 
4 3 15 

25 52 8 


2 

6 

11 

8 

8 


15 36 19 
24 59 24 

4 22 29 
13 45 35 

6 19 15 


1841 
1842 
1843 
1844 B. 
1845 


9 6 48 87 
2 27 20 7 
8 17 51 87 
2 19 42 7 
8 10 18 36 


9 19 40 27 
18 23 47 

8 17 7 7 
6 28 64 22 

9 27 87 42 


8 

7 
11 

4 
8 


5 29 32 

15 6 57 
24 44 22 

16 33 14 
26 10 39 


0/15 42 21 
4 25 5 26 
9 4 28 31 
1 27 2 12 
6 6 25 17 


1846 
1847 
1848 B. 
1849 
1850 


2 045 6 
7 21 16 35 
1 23 7 5 
7 18 88 85 
1 4 10 4 


26 21 2 
3 25 423 
7 6 51 37 

10 5 34 57 

1 4 18 18 


1 
5 
10 
2 
6 


548 4 

15 25 29 
7 14 21 

16 51 46 
26 29 11 


10 
2 
7 

11 
4 


15 48 28 
25 11 28 
17 45 8 
27 8 14 
6 81 20 


1851 
1852 B. 
1858 
1854 
1855 


6 24 41 35 
26 32 5 
6 17 3 84 
7 35 4 
5 28 683 


4 8 1 38 
7 14 48 53 
10 13 82 13 
1 12 15 84 
4 10 58 54 


11 
8 
8 

4 


6 686 
27 55 29 

7 82 53 
17 10 19 
26 47 48 


8 
1 
5 
9 
2 


15 54 25 

8 28 6 

17 51 11 

27 14 17 

6 87 22 


1856 B. 
1857 
1858 
1859 
1860 B. 


11 29 57 3 
5 20 28 83 

11 11 2 
5 1 81 38 

11 8 22 8 


7 22 46 
10 21 29 29 

1 20 12 50 
4 18 56 10 

8 43 25 


9 

1 

6 

10 

8 


18 86 86 
28 14 1 

7 51 26 
17 28 52 

9 17 44 


6 
11 
8 
7 



29 11 8 
8 84 9 
17 57 14 
27 20 20 
19 54 


1861 
1862 
1863 
1864 B. 
1865 


4 28 53 83 
10 14 25 8 

4 4 56 33 
10 6 47 2 

3 27 18 82 


10 29 26 45 

1 28 10 6 
4 26 53 27 
8 8 40 41 

11 7 24 2 


7 

11 

4 

8 

1 


18 55 9 

28 82 84 

8 10 

29 58 51 

9 86 17 


4 
9 
1 
6 
10 


29 17 6 
8 40 12 
18 3 18 
10 86 58 
20 4 


1866 
1867 
1868 B. 
1869 
1870 


9 17 50 2 
3 8 21 32 
9 10 12 2 
8 43 38 
8 21 15 2 


2 6 723 
5 4 50 43 
8 16 87 58 
11 15 21 19 
2 14 4 40 


5 
9 
2 
7 
11 


19 18 42 

28 51 8 

2040 

17 25 

9 54 50 


2 
7 

4 
8 


29 23 10 

8 46 15 

1 19 56 

10 48 2 

20 6 8 
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Mao»Lt Epoch*. 
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TMtn. 


Bnpp-ofNod*. 


u. 


V. 


YL 


VIL 


Tin. 


IX. 


x. 


1821 


0- 18'» 8' 29" 


0'27'»41' 


706 


711 


074 


079 


637 


596 


1822 


1 2 28 11 


4 18 18 


120 


124 


882 


386 


717 


686 


1828 


1 21 42 66 


8 8 46 


633 


686 


689 


692 


796 


476 


1824 B. 


2 11 6 47 


10 26 


981 


988 


026 


082 


912 


420 


1826 


8 26 29 


4 68 


396 


401 


333 


338 


992 


869 


1826 


8 19 46 11 


7 21 30 


809 


813 


641 


646 


072 


299 


1827 


4 9 4 63 


11 12 2 


228 


226 


949 


961 


151 


238 


1828 B. 


4 28 27 46 


8 18 43 


670 


677 


286 


291 


267 


182 


1829 


6 17 47 29 


7 4 16 


084 


090 


592 


697 


347 


122 


1830 


6 7 7 11 


10 24 47 


498 


602 


900 


904 


427 


062 


1881 


6 26 26 68 


2 16 19 


912 


914 


208 


210 


606 


001 


1882 B. 


7 16 49 46 


6 17 


360 


366 


646 


650 


622 


946 


1888 


8 6 9 28 


10 7 82 


774 


779 


862 


856 


702 


886 


1884 


8 24 29 11 


1 28 4 


187 


191 


169 


163 


782 


825 


1836 


9 18 48 68 


6 18 36 


601 


603 


467 


469 


861 


764 


1886 B. 


10 8 11 46 


9 20 18 


048 


066 


804 


809 


977 


708 


1887 


10 22 81 28 


1 10 60 


468 


468 


111 


116 


067 


648 


1888 


11 11 61 10 


6 1 22 


876 


880 


419 


428 


187 


688 


1839 


1 10 62 


8 21 64 


290 


292 


726 


729 


217 


627 


1840 B. 


20 83 46 


23 36 


738 


744 


068 


069 


382 


471 


1841 


1 9 68 28 


4 14 7 


162 


167 


870 


376 


412 


411 


1842 


1 29 13 10 


8 4 89 


566 


669 


678 


682 


492 


860 


1848 


2 18 82 62 


11 26 11 


980 


980 


986 


988 


672 


290 


1844 B. 


8 7 66 46 


3 26 62 


427 


438 


322 


328 


687 


284 


1846 


8 27 16 27 


7 17 24 


840 


846 


629 


634 


767 


174 


1846 


4 16 86 9 


11 7 66 


264 


268 


987 


941 


847 


118 


1847 


6 6 64 62 


2 28 38 


668 


670 


246 


247 


927 


063 


1848 B. 


6 26 17 46 


7 9 


116 


122 


682 


687 


042 


997 


1849 


6 14 87 27 


10 20 41 


631 


636 


889 


893 


122 


987 


1860 


7 3 67 9 


2 11 18 


944 


947 


196 


200 


202 


876 


1861 


7 28 16 61 


6 1 46 


368 


369 


604 


606 


282 


816 


1862 B. 


8 12 39 44 


10 8 27 


806 


811 


841 


846 


898 


760 


1868 


9 1 69 26 


1 23 69 


220 


228 


148 


152 


477 


700 


1864 


9 21 19 9 


6 14 31 


634 


636 


466 


469 


657 


689 


1866 


10 10 38 61 


9 6 8 


047 


048 


768 


766 


637 


679 


1866 B. 


11 1 44 


1 6 44 


496 


600 


100 


106 


768 


628 


1867 


11 19 21 26 


4 27 16 


909 


912 


407 


411 


832 


468 


1868 


8 41 8 


8 17 48 


328 


826 


716 


718 


912 


402 


1869 


28 61 


8 20 


736 


787 


028 


024 


992 


842 


1860 B. 


1 17 23 43 


4 10 1 


184 


189 


369 


364 


108 


286 


1861 


2 6 48 27 


8 88 


698 


601 


666 


670 


187 


226 


1862 


2 26 3 9 


11 21 6 


012 


014 


974 


977 


267 


166 


1868 


8 16 28 11 


3 11 37 


426 


426 


282 


283 


347 


106 


1864 B. 


4 4 46 44 


7 13 18 


878 


878 


618 


628 


463 


049 


1866 


4 24 6 46 


11 8 60 


287 


291 


926 


929 


642 


989 


1866 


5 18 26 28 


2 24 22 


701 


708 


288 


286 


622 


928 


1867 


6 2 46 10 


6 14 64 


116 


115 


641 


642 


702 


868 


1868 B. 


6.22 7 48 


10 16 86 


668 


567 


877 


882 


818 


812 


1869 


7 11 27 46 


2 7 8 


977 


980 


186 


188 


897 


762 


1870 


8 47 28 


6 27 40 


890 


892 


498 


496 


977 


691 
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TABLE XXXm. 



Mooi^t Mbtiont for MoKlh*. 



Montlu. 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 



ooooloooo 



9973 
849 
821 

1615 

2464 
8285 
4184 
4955 
5804 

6653 
7474 
8823 
9144 



9360 

146 

9497 

8348 

8490 
7986 
8133 
7629 
7776 

7922 
7419 
7665 
7062 



0000 
8960 
2246 
1205 
1871 

8616 
4822 
7067 
8273 
518 

2764 
3969 
6216 
7420 



0000 
9713 
8896 
8609 
6931 

6827 
4436 
3332 
1942 



9734 
8843 
7239 
6848 



0000 

9664 

402 

66 

9797 

199 
265 
666 
732 
1134 

1536 
1602 
2004 
2070 



0000 
9628 
1583 
1161 
1961 

3484 
4646 
6179 
7841 
8874 

408 
1669 
3102 
4264 



0000 
9942 
1789 
1781 
3404 

5198 
6924 
8718 
444 
2238 

4021 
6762 
7641 
9272 



0000 
9610 
2099 
1709 
8027 

5126 
6835 
8934 
648 
2742 

4842 

6660 

8649 

868 



0000 

9976 

758 

729 

1483 

2186 
2914 
8667 
4896 
5148 

5901 
6680 
7882 
8111 



TABLE XXXni. 
MxnCs Moticmfor Manthi. 



Months. 


KTMtion. 


Anomaly. 


TftrUtion. 


M.Longttiid«. 


March 


0» 00 (y 0" 
11 18 41 1 
11 20 48 42 
11 9 29 43 
10 7 40 26 

9 28 29 8 
9 7 68 51 
8 28 47 33 
8 8 17 16 
7 29 5 69 

7 19 54 41 
6 29 24 24 
6 20 13 6 
5 29 42 49 


0- 0«> 0' 0" 
11 16 56 6 
1 15 53 
1 1 56 59 
1 20 50 4 

8 5 50 57 

4 7 47 56 

5 22 48 49 

6 24 45 48 

8 9 46 42 

9 24 47 35 
10 26 44 34 

11 46 27 

1 13 42 26 


0- Oo 0' 0^ 

11 17 48 33 

17 54 48 

5 43 21 

11 29 15 15 

17 10 3 

22 53 24 

1 10 48 11 

1 16 31 32 

2 4 26 20 

2 22 21 7 
2 28 4 28 
8 15 69 16 
8 21 42 37 


0- 0» O' 0« 
11 16 49 25 
1 18 28 6 
1 5 17 81 
1 27 24 27 

3 15 52 82 

4 21 10 8 

6 9 88 9 

7 14 55 40 
9 8 28 46 

10 21 51 52 

11 27 9 22 

1 15 87 28 

2 20 54 59 


April 


MaT 


, ^ 

June ....» 


July 


August 


SeDtember 


October • 


NoTember • 


December 
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Mkm'* Motion* for Moftih*. 



MODthS. 


10 


11 


12 


13 


U 


15 


16 


IT 


18 


19 


90 


j"-«y {Sr.::::: 

Mwok 


000 
980 
175 
105 
189 

ai4 

419 
598 
698 
878 

48 
152 
827 
482 


000 
969 
965 
984 
886 

801 
785 
700 
684 
599 

568 
497 
462 
896 


000 
980 
184 
114 
157 

842 
456 
640 
754 
988 

128 
287 
421 
585 


000 

966 

59 

25 

16 

76 
101 
160 
185 
245 

804 
829 
888 
414 


000 
901 
74 
975 
851 

^5 
899 
978 
948 
22 

96 

71 

145 

120 


000 
%9 
946 
916 
801 

747 
663 
609 
525 
471 

417 
888 
279 
194 


000 
908 
185 
98 
159 

294 
892 
527 
625 
759 

894 
992 
127 
225 


000 
958 
804 
262 
482 

786 
47 
851 
618 
917 

221 

488 

787 

49 


000 
974 
805 
779 
582 

886 
115 
920 
699 
508 

808 

87 

892 

670 


000 

000 

5 

5 

9 

18 
18 
22 
27 
81 

86 
40 
45 
49 


000 

000 

14 

14 

27 

41 
55 
69 
88 
97 

111 
125 
189 
158 


April 


Jnnd .•••••••... .•t«..... 


JnlT 


"""•F •• •••• 

Aiurust*** • ••••••••• 


September 


Oetober 


NoTember ^ 

Decembir 









TABLE XXXm. 
Moon't Motion* for Mmth$. 



Mootlit. 


Snpp. of Node. 


n. 


y. 

000 

966 

54 

20 

7 

61 

81 

186 

156 

210 

265 
285 
889 
859 


TI. 


yn. 


yra. 


IX. 


X. 


J""»^ {bT. 

F.bnu.x{gr: 
Mfti^h.... 


0- 
11 
















00 0' 0" 
29 56 49 

1 88 80 
1 85 19 

8 7 27 

4 45 57 

6 21 16 

7 59 46 

9 85 5 

11 18 85 

12 52 5 
14 27 24 

16 5 58 

17 41 18 


0- Oo 0' 
11 18 51 
11 15 48 
11 4 84 

9 27 59 

9 18 42 
8 18 15 
8 8 58 
7 8 82 
6 24 15 

6 9 58 
5 14 82 
5 15 
4 4 49 


000 
961 
224 
185 
880 

554 
788 
962 
147 
871 

595 

780 

4 

188 


000 
972 
875 
847 
666 

542 
889 
264 
112 
987 

862 
710 
585 
482 


000 

966 

45 

11 

989 

84 

46 

91 

108 

147 

198 
204 
250 
261 


000 
964 
111 
75 
114 

225 
800 
411 
486 
597 

708 
788 
894 
969 


000 
996 
165 
159 
818 

478 
688 
802 
962 
126 

291 
451 
615 
775 


Anril 


May. 


jttne.z:...::::;!: 


July 


August. ••• 


September 


Oetober. 


NoTember • 


December 
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i 










Moan^s Moiiom/oT 2?ayf, 












D.J1. 


ID 


11 


VI 


13 


14 


u 


in 


11 


U 


10 


» 




f 


1 


000 


ooo 


000 


000 


000 


000 


000 


000 


000 


UW 


OOO 




3 


70 


31 


70 


84 


99 


31 


37 


42 


26 












& 


uo 


62 


141 


68 


198 


ei 


73 


84 


62 





1 






4 


210 


93 


211 


108 


297 


92 


110 


126 


78 





1 






5 


281 


125 


282 


137 


397 


122 


146 


168 


104 


1 


2 






6 


351 


15G 


352 


171 


406 


153 


183 


210 


130 




2 






7 


421 


187 


423 


205 


695 


183 


220 


252 


156 


1 


S 






8 


491 


218 


4^3 


239 


694 


214 


265 


294 


182 


1 


3 






9 


551 


249 


564 


273 


793 


244 


293 


336 


208 


1 


4 






10 


eai 


2S0 


634 


308 


892 


275 


329 


S79 


234 


1 


4 






11 


702 


311 


706 


342 


992 


306 


366 


421 


260 


1 


5 






12 


772 


a42 


775 


37f> 


91 


830 


403 


463 


286 


2 


5 






18 


842 


aT4 


845 


410 


100 


m% 


439 


505 


312 


2 


6 






11 


912 


405 


916 


444 


289 


S97 


476 


547 


337 


2 


6 






16 


982 


436 


98e 


473 


388 


427 


512 


589 


363 


2 


6 






16 


52 


467 


67 


61B 


487 


458 


549 


631 


389 


2 


7 






17 


122 


498 


127 


647 


687 


488 


686 


673 


416 


2 


7 






IS 


193 


529 


198 


681 


686 


519 


622 


716 


441 


2 


8 






19 


203 


660 


268 


616 


785 


519 


659 


757 


467 


» 


8 






20 


S33 


591 


339 


649 


884 


680 


695 


799 


493 


& 


t 






21 


403 


623 


40^ 


OSS 


9ga 


611 


732 


841 


519 


8 


9 






22 


473 


654 


480 


718 


82 


641 


769 


883 


646 


3 


10 






2a 


543 


685 


550 


762 


182 


672 


805 


926 


571 


3 


10 






24 


614 


716 


621 


786 


281 


702 


842 


967 


597 


3 


11 






25 


684 


74T 


691 


820 


380 


733 


878 


9 


623 


4 


11 






26 


764 


778 


1 

762 


864 


479 


763 


016 


62 


649 


4 


11 






27 


824 


809 


832 


888 


578 


794 


652 


94 


676 


4 


12 






2& 


8fl4 


840 


903 


923 


677 


824 


988 


136 


701 


4 


12 






29 , 


964 


872 


973 


957 


777 


855 


25 


ITS 


727 


4 


IB 






m 


S4 


ms 


43 


991 


876 


885 


61 


220 


753 


4 


13 






SI 


105 


934 


114 


26 


975 


916 


98 


262 


779 


4 


14 
















I 


A 
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TABLE XXXIV. 



Mootit MAiotufor Dayt. 



Dmyi. 


lT«etioii. 


Anomaly. 


Vwiation. 


ILLonc. 


1 


0- Oo 0' 0" 


0» 0« O' 0" 


0- Oo 0' 0^ 


0- 0» 0* 0" 


2 


. 11 18 59 


18 8 54 


12 11 27 


18 10 85 


8 


. 22 87 59 


26 7 48 


24 22 58 


26 21 10 


4 


1 8 56 58 


1 9 11 42 


1 6 84 20 


1 9 81 45 


6 


115 15 58 


1 22 15 86 


1 18 45 47 


1 22 42 20 


6 


1 26 84 57 


2 5 19 80 


2 57 18 


2 6 52 55 


7 


2 7 58 57 


2 18 28 24 


2 18 8 40 


2 19 8 80 


8 


2 19 12 56 


8 1 27 18 


2 25 20 7 


8 2 14 5 


9 


8 81 55 


8 14 81 12 


8 7 81 84 


8 15 24 40 


10 


8 11 50 55 


8 27 85 6 


8 19 48 


8 28 85 15 


11 


8 28 9 54 


4 10 89 


4 1 54 27 


4 11 45 50 


12 


4 4 28 54 


4 28 42 54 


4 14 5 54 


4 24 56 25 


18 


4 15 47 58 


5 6 46 48 


4 26 17 20 


5 8 7 


14 


4 27 6 58 


5 19 50 42 


5 8 28 47 


5 21 17 85 


15 


5 8 25 52 


6 2 54 86 


5 20 40 14 


6 4 28 10 


16 


5 19 44 51 


6 15 58 29 


6 2 51 40 


6 17 88 45 


17 


6 1 8 51 


6 29 2 28 


6 15 8 7 


7 49 20 


18 


6 12 22 50 


7 12 6 17 


6 27 14 84 


7 18 59 55 


19 


6 28 41 50 


7 25 10 11 


7 9 26 1 


7 27 10 80 


20 


7 5 049 


8 8 14 5 


7 21 87 27 


8 10 21 5 


21 


7 16*19 49 


8 81 17 59 


8 8 48 54 


8 28 81 40 


22 


7 27 88 48 


9 4 21 58 


8 16 21 


9 6 42 16 


28 


8 8 57 47 


9 17 25 47 


8 28 11 47 


9 19 52 51 


24 


8 20 16 47 


10 29 41 


9 10 28 14 


10 8 8 26 


25 


9 1 85 46 


10 \% 88 85 


9 22 84 41 


10 16 14 1 


26 


9 12 54 4^ 


10 26 87 29 


10 4 46 7 


*10 29 24 86 


27 


9 24 18 45 


11 9 41 28 


10 16 67 84 


11 12 85 11 


28 


10 5 82 45 


11 22 45 17 • 


10 29 9 1 


11 25 45 46 


29 


10 16 51 44 


5 49 11 


11 11 20 28 


8 56 21 


80 


10 28 10 48 


18 58 5 


11 28 81 54 


22 6 56 


81 


11 9 29 48 


1 1 56 59 


5 48 21 


1 5 17 81 
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TABLE xxxnr. 



MxnCi Motiomfor Days, 



Dajs. 


Sup. of Nod0. 


IL 


v^ 


VI. 


VII. 


\HI. 


IX. 


X. 


1 


0«» 0' 0" 


0- Oo 0' 


000 


000 


000 


000 


000 


000 


2 


8 11 


11 9 


84 


89 


28 


84 


86 


5 


8 


6 21 


22 18 


6a 


79 


56 


67 


72 


11 


4 


9 82 


1 8 27 


102 


118 


85 


101 


108 


la 


5 


12 52 


1 14 87 


186 


158 


118 


1,35 


148 


21 


6 


15 58 


1 26 46 


170 


197 


141 


169 


179 


27 


7 


19 4 


2 6 56 


204 


287 


169 


202 


216 


82 


8 


22 14 


2 18 4 


288 


276 


198 


286 


261 


87 





25 25 


2 29 18 


272 


816 


226 


270 


287 


43 


10 


28 86 


8 10 22 


806 


855 


254 


808 


828 


48 


11 


81 46 


8 21 81 


840 


895 


282 


887 


858 


58 


12 


84 57 


4 2 40 


874 


484 


811 


871 


394 


6S 


18 


88 7 


4 18 50 


408 


474 


889 


406 


480 


64 


14 


41 18 


4 24 59 


442 


518 


867 


488 


466 


69 


15 


44 29 


5 6 8 


476 


558 


895 


472 


602 


74 


16 


47 89 


5 17 17 


510 


592 


424 


506 


588 


80 


17 


50 50 


5 28 26 


544 


632 


462 


639 


578 


86 


18 


54 1 


6 9 85 


578 


671 


480 


578 


609 


90 


19 


57 11 


620 44 


612 


711 


608 


607 


645 


96 


20 


1 22 


7 1 58 


646 


760 


687 


641 


681 


101 


21 


1 8 88 


7 18 8 


680 


790 


566 


674 


717 


106 


22 


1 6 48 


7 24 12 


714 


829 


698 


708 


758 


112 


28 


1 9 54 


8 5 21 


748 


869 


621 


742 


788 


117 


24 


1 18 5 


8 16 80 


782 


908 


65a 


775 


824 


122 


26 


1 16 15 


8 27 89 


816 


948 


678 


809 


860 


12$ 


26 


1 19 26 


9 8 48 


850 


987 


706 


848 


896 


138 


27 


1 22 86 


9 19 57 


884 


027 


784 


877 


982 


138 


28 


1 25 47 


10 1 6 


918 


066 


762 


910 


968 


148 


29 


1 28 58 


10 12 16 


952 


106 


791 


944 


068 


149 


80 


1 82 8 


10 28 25 


986 


146 


819 


978 


039 164 


81 


1 85 19 


11 4 84 


020 


185 


947 


Oil 


076 159 
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Mxm'$ M>Hon$/or Houn. 



Hours. 


10 


11 


12 


18 


u 


u 


16 


IT 


18 


1 


8 


1 


8 


1 


4 


1 


~ 


2 


1 


2 


6 


8 


6 


8 


8 


8 


8 


4 


2 


8 


9 


4 


9 


4 


12 


4 


5 


5 


8 


4 


12 


5 


12 


6 


16 


5 


6 


7 


4 


6 


15 


6 


15 


7 


21 


6 


8 


9 


5 


6 


18 


8 


18 


9 


25 


8 


9 


11 


6 


7 


20 


9 


20 


10 


29 


9 


11 


12 


8 


8 


28 


10 


28 


11 


88 


10 


12 


14 


9 


9 


26 


12 


26 


18 


87 


11 


14 


16 


10 


10 


29 


18 


29 


14 


41 


18 


15 


18 


11 


11 


82 


14 


82 


16 


45 


14 


17 


19 


12 


12 


85 


16 


85 


17 


49 


15 


18 


21 


18 


18 


88 


17 


88 


18 


54 


16 


20 


28 


14 


14 


41 


18 


41 


20 


58 


18 


21 


25 


15 


15 


44 


19 


44 


21 


62 


19 


28 


26 


16 


16 


47 


21 


47 


28 


66 


20 


25 


28 


17 


17 


50 


22 


50 


24 


70 


21 


26 


80 


18 


18 


53 


28 


58 


25 


74 


28 


28 


82 


19 


19 


56 


25 


56 


27 


78 


24 


29 


88 


21 


20 


58 


26 


58 


28 


88 


25 


81 


85 


22 


21 


61 


27 


61 


80 


87 


26 


82 


87 


28 


22 


64 


28 


64 


81 


91 


28 


84 


89 


24 


28 


67 


80 


67 


88 


95 


29 


85 


40 


25 


24 


70 


81 


70 


84 


99 


81 


87 


42 


26 


Bonn. 


Bapiof 
Node. 


n. 


T. 


VI. 


ra. 


vm 


UL 


X. 


1 


0' 8" 


0«»28'' 


1 


2 


1 


1 


1 





2 


16 


56 


8 


8 


2 


8 


8 





8 


24 


1 24 


4 


5 


4 


4 


4 


1 


4 


82 


1 52 


6 


7 


5 


6 


6 


1 


6 


040 


2 19 


7 


8 


6 


7 


7 


1 


6 


48 


2 47 


9 


10 


7 


9 


9 


1 


7 


56 


8 15 


10 


12 


8 


10 


10 


2 


8 


1 4 


8 48 


11 


18 


9 


11 


12 


2 


9 


1 11 


4 11 


18 


15 


11 


18 


13 


2 


10 


1 19 


4 89 


14 


16 


12 


14 


15 


2 


11 


1 27 


5 7 


16 


18 


18 


15 


16 


2 


12 


1 85 


5 85 


17 


20 


14 


17 


18 


8 


18 


1 48 


6 2 


18 


21 


15 


18 


19 


8 


14 


1 51 


6 80 


20 


28 


16 


19 


21 


8 


15 


1 59 


6 58 


21 


25 


18 


21 


22 


8 


16 


2 7 


7 26 


28 


26 


19 


22 


24 


4 


17 


2 15 


754 


24 


28 


20 


24 


25 


4 


18 


2 28 


8 22 


26 


29 


21 


25 


27 


4 


19 


2 81 


8 50 


27 


81 


22 


27 


28 


4 


20 


2 89 


9 18 


28 


82 


24 


28 


80 


4 


21 


2 47 


9 45 


80 


84 


25 


29 


81 


5 


22 


2 55 


10 18 


81 


86 


26 


81 


88 


5 


28 


8 8 


10 41 


88 


88 


27 


82 


84 


5 


24 


8 11 


11 9 


84 


89 


28 


84 


86 


5 
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TABLE XXXVI. 



MootCt Mationtfor Minute* and Seconds. 



tan. 1 1 


2 


s 


4 


b 


6 


7 


8 


• 


10 


U 




IS 



18 

"o" 


u 



1 








1 

















"o 





2 





1 


1 








1 





1 




















8 





1 


2 




1 


1 





1 




















4 





2 


8 




1 


1 





1 




















6 





2 


4 




1 


1 





1 




















6 





8 


4 




1 


2 





2 




















7 





8 


5 




2 


2 





2 




















8 





4 


6 


2 


2 


2 





2 



















9 





4 


6 


2 


2 


2 





2 



















10 





5 


7 


2 


2 


8 





3 



















11 





5 


8 


2 


8 


8 





3 

















12 





5 


9 


2 


8 


8 





8 

















18 





6 


9 


8 


8 


8 




4 

















14 





6 


10 


8 


8 


4 




4 

















15 





7 


11 


8 


8 


4 




4 

















16 





7 


12 


8 


4 


4 




4 

















17 





8 


12 


8 


4 


4 




5 

















18 





8 


18 




4 


5 




5 

















19 





9 


14 




4 


5 




5 

















20 





9 


14 




5 


5 




5 

















21 





10 


15 




5 


5 




6 

















22 





10 


16 




5 


6 




6 














2 


28 





10 


17 




5 


6 




6 














2 


24 





11 


17 


5 


6 


6 




7 













2 


25 





11 


18 


5 


6 


6 




7 













2 


26 





12 


19 


5 


6 


7 




7 













2 


27 




12 


19 


5 


6 


7 




7 













2 


28 




18 


20 


6 


7 


7 




8 













2 


29 




18 


21 


6 


7 


7 




8 













2 


80 




14 


22 


6 


7 


8 




8 













2 


81 




14 


22 


6 


7 


8 




8 













2 


82 




14 


23 




7 


8 




9 




2 




2 




2 


88 




16 


24 




8 


9 




9 




2 




2 




2 


84 




15 


25 




8 


9 




9 




2 




2 




2 


85 




16 


25 




8 


9 




10 




2 




2 




2 


86 




16 


26 




8 


9 




10 




2 




2 




8 


87 




17 


27 




9 


10 




U) 




2 




2 




8 


88 




17 


27 


6 


9 


10 


2 


10 




2 




2 




8 


89 




18 


28 


6 


9 


10 


2 


11 




2 




2 




8 


40 




18 


29 


8 


9 


10 


2 


11 




2 




2 




8 


41 




19 


80 


8 


10 


11 


2 


11 




2 




2 




8 


42 




19 


30 


8 


10 


11 


2 


11 




2 




2 




8 


48 




19 


81 


9 


10 


11 


2 


12 




2 




2 




8 


44 




20 


82 


9 


10 


11 


2 


12 




2 




2 




8 


45 




20 


82 


9 


10 


12 


2 


12 




2 




2 




8 


46 




21 


88 


9 


11 


12 


2 


12 




2 




2 




8 


47 




21 


84 


9 


11 


12 


2 


18 




2 




2 




8 


48 




22 


35 


10 


11 


12 


2 


18 




2 




2 




8 


49 




22 


85 


10 


11 


18 


2 


13 




2 




2 




8 


50 




28 


86 


10 


11 


18 


2 


13 




2 




2 




8 


51 




28 


87 


10 


12 


13 


2 


14 




2 




2 




4 


52 




24 


88 


10 


12 


13 


2 


14 




8 




8 




4 


58 




24 


38 


11 


12 


14 


2 


14 




8 




8 




4 


54 




24 


89 


11 


12 


14 


2 


14 




8 




3 




4 


55 




25 


40 


11 


13 


14 


2 


15 




8 


•* 


8 




4 


56 




25 


40 


11 


18 


14 


2 


15 




8 




8 




4 


57 




26 


41 


11 


18 


15 


2 


16 




8 




8 




4 


58 




26 


42 


12 


13 


16 


2 


16 




8 




8 




4 


59 




27 


48 


12 


14 


15 


2 


16 




8 




8 




4 


60 




27 


48 


12 


14 


15 


2 


16 




8 




Ai 


div 


\m 
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Firtt EguaHon o/Mxm'$ Longitude. ABCnmxMT L 



Arg. 


1 


DilL 


Arg. 


1 


Dm 





12' 40" 


42" 


5000 


12' 40" 


40" 


100 


11 58 


42 


5100 


18 20 


41 


200 


11 16 


42 


5200 


14 1 


40 


800 


10 84 


41 


5800 


14 41 


89 


400 


9 58 


41 


5400 


15 20 


40 


500 


9 12 


40 


5500 


16 


88 


600 


8 82 


88 


5600 


16 88 


87 


700 


7 54 


88 


5700 


17 15 


87 


800 


7 16 


86 


5800 


17 52 


85 


900 


6 40 


84 


5900 


18 27 


84 


1000 


6 6 


88 


6000 


19 1 


82 


1100 


5 88 


81 


6100 


19 88 


81 


1200 


5 2 


80 


6200 


20 4 


29 


1800 


4 82 


27 


6800 


20 88 


28 


1400 


4 5 


25 


6400 


21 1 


26 


1500 


840 


28 


6500 


21 27 


28 


1600 


8 17 


21 


6600 


21 50 


22 


1700 


2 56 


18 


6700 


22 12 


19 


1800 


2 88 


16 


6800 


22 81 


17 


1900 


2 22 


18 


6900 


22 48 


15 


2000 


2 9 


11 


7000 


28 8 


12 


2100 


1 58 


8 


7100 


28 15 


10 


2200 


1 50 


6 


7200 


28 25 


7 


2800 


1 44 


8 


7800 


28 82 


5 


2400 


1 41 





7400 


28 87 


2 


2500 


1 41 


2 


7500 


28 89 





2600 


1 48 


5 


7600 


28 89 


8 


2700 


1 48 


7 


7700 


28 86 


6 


2800 


1 55 


10 


7800 


28 80 


8 


2900 


2 5 


12 


7900 


28 22 


11 


8000 


2 17 


15 


8000 


28 11 


18 


8100 


2 82 


17 


8100 


22 58 


16 


8200 


2 49 


19 


8200 


22 42 


18 


8800 


8 8 


22 


8800 


22 24 


21 


8400 


8 80 


28 


8400 


22 8 


28 


8500 


8 58 


26 


8500 


21 40 


25 


8600 


4 19 


27 


8600 


21 15 


27 


8700 


446 


80 


8700 


20 48 


80 


8800 


5 16 


81 


8800 


20 18 


81 


8900 


5 47 


82 


8900 


19 47 


88 


4000 


6 19 


84 


9000 


19 14 


84 


4100 


6 58 


85 


9100 


18 40 


36 


4200 


728 


87 


9200 


18 4 


88 


4800 


8 5 


87 


9800 


17 26 


88 


4400 


842 


88 


9400 


16 48 


40 


4500 


9 20 


89 


9500 


16 8 


41 


4600 


9 59 


40 


9600 


15 27 


41 


4700 


10 89 


40 


9700 


14 46 


42 


4800 


11 19 


40 


9800 


14 4 


42 


4900 


11 59 


41 


9900 


18 22 


42 


5000 


12 40 




10000 


12 40 
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TABLE XXXVm. 
Eguatiuu 2 to 7 o/Jfoon't Longitude. ASOVHZNTS 2 to 7. 



ATg. 

2600 


« 


8 


4 


6 


6 


7 


ATg. 


4' 67" 


(y 2" 


6' 80" 


8' 89" 


0' 6" 


0' 1" 


2600 


2600 


4 67 


2 


6 80 


8 89 


6 


1 


2400 


2700 


4 66 


8 


6 29 


8 88 


7 


1 


2800 


2800 


4 66 


8 


6 27 


8 87 


8 


2 


2200 


2900 


4 68 


4 


6 24 


8 86 


D 9 


8 


2100 


8000 


460 


6 


6 21 


8 84 


10 


4 


2000 


8100 


4 47 


6 


6 17 


8 82 


12 


6 


1900 


8200 


4 4a 


8 


6 12 


8 29 


14 


6 


1800 


8800/ 


4 89 


9 


6 7 


8 26 


17 


8 


1700 


8400 


4 84 


11 


6 1 


8 22 


19 


10 


1600 


8500 


4 29 


18 


6 64. 


8 18 


22 


12 


1500 


8600 


4 28 


16 


6 47 


8 14 


26 


14 


1400 


8700 


4 17. 


18 


6 89 


8 10 


29 


17 


1300 


8800 


4 11 


20 


6 80 


8 5 


83 


19 


1200 


8900 


4 4 


28 


6 21 


8 


87 


22 


1100 


4000 


8 67 


26 


6 12 


2 64 


41 


26 


1000 


4100 


8 49 


29 


5 2 


2 49 


45 


28 


900 


4200 


8 41 


82 


4 52 


2 48 


50 


81 


800 


4800 


8 88 


85 


4 41 


2 87 


64 


86 


700 


4400 


8 24 


89 


4 80 


2 80 


59 


88 


600 


4600 


8 16 


42 


4 19 


2 24 


1 4 


42 


600 


4600 


8 7 


46 


4 7 


2 17 


1 9 


46 


400 


4700 


2 68 


49 


8 66 


2 10 


1 14 


49 


800 


4800 


2 48 


68 


8 44 


2 4 


1 19 


53 


200 


4900 


2 89 


56 


8 82 


1 67 


1 26 


66 


100 


6000 


2 80 


1 


8 20 


1 50 


1 80 


1 


0000 


6100 


2 21 


1 4 


8 8 


1 48 


1 86 


1 4 


9900 


6200 


2 11 


1 7 


2 66 


1 86 


1 40 


1 7 


9800 


5800 


2 2 


1 11 


2 44 


1 29 


1 46 


1 11 


9700 


5400 


1 68 


1 14 


2 88 


1 28 


1 51 


1 16 


9600 


6500 


1 i4 


1 18 


2 21 


1 16 


1 66 


1 18 


9600 


5600 


1 86 


1 21 


2 10 


1 10 


2 1 


1 22 


9400 


5700 


1 27 


1 26 


1 59 


1 8 


2 6 


1 26 


9800 


6800 


1 19 


1 28 


1 48 


57 


2 10 


1 28 


9200 


6900 


1 11 


1 81 


1 88 


61 


2 16 


1 82 


9100 


6000 


1 8 


1 84 


1 28 


46 


2 19 


1 86 


9000 


6100 


66 


1 87 


1 19 


40 


2 28 


1 88 


8900 


6200 


49 


1 89 


1 10 


86 


2 27 


1 40 


8800 


6800 


48 


1 42 


1 1 


80 


2 81 


1 48 


8700 


6400 


86 


1 44 


58 


26 


2 86 


1 46 


8600 


6600 


81 


1 47 


46 


21 


2 88 


1 48 


8600 


6600 


26 


1 49 


89 


18 


2 41 


1 60 


8400 


6700 


21 


1 51 


88 


14 


2 48 


1 62 


8800 


6800 


17 


1 52 


28 


11 


2 46 


1 64 


8200 


6900 


18 


1 64 


28 


8 


2 48 


1 66 


8100 


7000 


10 


1 55 


19 


6 


2 60 


1 56 


8000 


7100 


7 


1 66 


16 


4 


2 51 


1 67 


7900 


7200 


6 


1 67 


18 


2 


2 62 


1 68 


7800 


7800 


4 


1 67 


11 


1 


2 68 


1 69 


7700 


7400 


8 


1 68 


10 


1 


2 64 


1 69 


7600 


7600 


8 


1 68 


10 


1 


2 64 


1 69 


7600 



66 
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TABLE XXXIX. 



TABLE XL. 



Eg[uatt(ms 8 and 9. 



Equations 10 and 11. 



Arf. 


8 


• 1 


Arg. 


8 


9 





r20" 


r20'' 


6000 


1' 20" 


V 20" 


100 


1 16 


1 29 


6100 


1 24 


1 86 


200 


1 11 


1 87 


6200 


1 29 


1 81 


800 


1 7 


1 46 


6800 


1 88 


1 87 


400 


1 2 


1 64 


6400 


1 87 


1 42 


600 


68 


2 1 


6600 


1 42 


1 47 


600 


64 


2 8 


6600 


1 46 


1 61 


700 


60 


2 16 


6700 


1 60 


1 66 


800 


46 


2 20 


6800 


1 64 


1 68 


900 


42 


2 26 


6900 


1 68 


2 


1000 


88 


2 29 


6000 


2 1 


2 1 


1100 


86 


2 82 


6100 


2 5 


2 2 


1200 


81 


2 84 


6200 


2 8 


2 2 


1800 


28 


2 86 


6800 


2 11 


2 1 


1400 


26 


2 86 


6400 


2 14 


1 69 


1600 


28 


2 84 


6600 


2 17 


1 66 


1600 


20 


2 82 


6600 


2 19 


1 62 


1700 


18 


2 29 


6700 


2 22 


1 48 


1800 


16 


2 26 


6800 


2 24 


1 48 


1900 


14 


2 21 


6900 


2 25 


1 88 


2000 


18 


2 16 


7000 


2 27 


1 82 


2100 


11 


2 11 


7100 


2 28 


1 26 


2200 


10 


2 4 


7200 


2 29 


1 18 


2800 


10 


1 68 


7800 


2 30 


1 11 


2400 


9 


1 61 


7400 


2 80 


1 4 


2600 


9 


1 43 


7600 


2 81 


56 


2600 


10 


1 86 


7600 


2 80 


49 


2700 


10 


1 29 


7700 


2 80 


42 


2800 


11 


1 22 


7800 


2 29 


86 


2900 


12 


1 16 


7900 


2 28 


29 


8000 


18 


1 8 


8000 


2 27 


24 


8100 


16 


1 2 


8100 


2 26 


18 


8200 


16 


67 


8200 


2 24 


14 


8800 


18 


62 


8800 


2 22 


10 


8400 


21 


47 


8400 


2 20 


8 


8600 


28 


44 


8600 


2 17 


6 


8600 


26 


41 


8600 


2 16 


6 


8700 


29 


89 


8700 


2 12 


6 


8800 


82 


88 


8800 


2 9 


6 


8900 


86 


88 


8900 


2 6 


8 


4000 


89 


89 


9000 


2 2 


Oil 


4100 


42 


40 


9100 


1 68 


16 


4200 


46 


42 


9200 


1 64 


20 


4800 


60 


45 


9800 


1 60 


26 


4400 


64 


49 


9400 


1 46 


82 


4600 


68 


68 


9600 


1 42 


89 


4600 


1 8 


68 


9600 


1 38 


46 


4700 


1 7 


1 8 


9700 


1 88 


64 


4800 


1 11 


1 9 


9800 


1 29 


1 8 


4900 


1 16 


1 14 


9900 


1 24 


1 11 


6000 


1 20 


1 20 


10000 


1 20 


1 20 



Arg. 


10 


U 


Arg. 


10 


u 





10" 


10" 


600 


10" 


10* 


10 


9 


11 


610 


10 


11 


20 


9 


12 


620 


9 


11 


80 


8 


18 


630 


9 


12 


40 


7 


14 


640 


8 


18 


60 


7 


16 


660 


8 


14 


60 


6 


16 


660 


8 


14 


70 


6 


17 


670 


8 


16 


80 


6 


17 


680 




16 


90 


6 


18 


690 




16 


100 


6 


18 


600 




16 


110 


4 


19 


610 




16 


120 


4 


19 


620 




16 


180 


4 


19 


630 




16 


140 


4 


19 


640 




16 


160 


4 


19 


660 


8 


16 


160 


4 


19 


660 


8 


16 


170 


4 


18 


670 


8 


14 


180 


6 


18 


680 


9 


18 


190 


6 


17 


690 


9 


18 


200 


6 


16 


700 


10 


12 


210 


6 


16 


710 


10 


11 


220 


6 


16 


720 


11 


10 


280 


7 


14 


730 


11 


9 


240 


7 


18 


740 


12 


9 


260 


8 


12 


750 


12 


8 


260 


8 


11 


760 


13 


7 


270 


9 


10 


770 


13 


6 


280 


9 


10 


780 


14 


6 


290 


10 


9 


790 


14 


4 


800 


10 


8 


800 


16 


8 


810 


11 


7 


810 


15 


8 


820 


11 


6 


820 


15 


2 


880 


12 


6 


830 


16 


2 


840 


12 


6 


840 


16 


1 


860 


12 


6 


860 


16 


1 


860 


12 


6 


860 


16 


1 


870 


18 


4 


870 


16 


1 


880 


13 


4 


880 


16 


1 


390 


18 


4 


890 


16 


1 


400 


18 


4 


900 


16 


2 


410 


18 


6 


910 


16 


2 


420 


12 


6 


920 


16 


8 


480 


12 


6 


980 


14 


8 


440 


12 


6 


940 


14 


4 


460 


12 


6 


960 


18 


6 


460 


11 


7 


960 


18 


6 


470 


11 


8 


970 


12 


7 


480 


11 


8 


980 


11 


8 


490 


10 


9 


990 


11 


9 


600 


10 


10 


1000 


10 


10 
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TABLE XLI. 
Ejuatiam 12 to 19. 



TABLE XLn. 71 



Arg. 


IS 


18 


U 


1ft 


16 


17 


18 


18 


Ai». 




Arg. 


90 


.Ai». 


260 


2" 


2' 


8' 


0" 


84" 


8" 


17" 


8" 


250 





10" 


500 


260 


2 


2 


8 





84 


8 


17 


8 


240 




10 


11 


510 


270 


2 


2 


8 





84 


8 


17 


8 


280 




20 


12 


520 


280 


8 


2 


8 





88 


8 


17 


8 


220 




30 


18 


580 


290 


8 


2 


8 





88 


4 


16 


8 


210 




40 


18 


' 540 


800 


8 


2 


8 





88 


4 


16 


8 


200 




50 


14 


550 


810 


8 


8 


9 


1 


83 


4 


16 


8 


190 




60 


16 


560 


820 


4 


8 


9 


1 


82 


4 


16 


4 


180 




70 


16 


570 


880 


4 


4 


9 


1 


82 


4 


16 


4 


170 




80 


16 


580 


840 


5 


4 


10 


2 


82 


4 


16 


4 


160 




90 


17 


690 


860 


6 


5 


10 


2 


81 


5 


15 


4 


160 




100 


17 


600 


860 


6 


6 


11 


2 


81 


5 


16 


5 


140 




110 


17 


610 


870 


7 


7 


11 


8 


80 


5 


16 


5 


130 




120 


17 


620 


880 


8 


7 


12 


8 


29 


5 


16 


5 


120 




180 


17 


680 


890 


9 


8 


12 


4 


29 


6 


14 


6 


110 




140 


17 


640 


400 


10 


9 


18 


4 


28 


6 


14 


6 


100 




160 


17 


660 


410 


10 


10 


18 


5 


27 


6 


14 


6 


90 




160 


17 


660 


420 


11 


11 


14 


.5 


27 


7 


18 


7 


80 




170 


16 


670 


480 


12 


12 


15 


6 


26 


7 


13 


7 


70 




180 


16 


680 


440 


18 


13 


15 


6 


25 


8 


12 


7 


60 




190 


15 


690 


450 


14 


14 


16 


7 


24 


8 


12 


8 


50 




200 


14 


700 


460 


16 


15 


17 


7 


28 


8 


12 


8 


40 




210 


18 


710 


470 


17 


16 


18 


8 


28 


9 


11 


9 


80 




220 


13 


720 


480 


18 


18 


18 


9 


22 


9 


11 


9 


20 




230 


12 


730 


490 


19 


19 


19 


9 


21 


10 


10 


10 


10 




240 


11 


740 


500 


20 


20 


20 


10 


20 


10 


10 


10 


000 




260 


10 


750 


510 


21 


21 


21 


11 


19 


10 


10 


10 


990 




260 


9 


760 


520 


22 


22 


21 


11 


18 


11 


9 


11 


980 




270 


8 


770 


530 


28 


28 


22 


12 


17 


11 


9 


11 


970 




280 


7 


780 


540 


24 


25 


28 


12 


17 


12 


8 


12 


960 




290 


6 


790 


550 


25 


26 


24 


18 


16 


12 


8 


12 


960 




800 


6 


800 


560 


26 


27 


24 


14 


15 


12 


7 


18 


940 




310 


6 


810 


570 


27 


28 


25 


14 


14 


18 


7 


13 


930 




320 


4 


820 


580 


28 


29 


26 


16 


13 


18 


7 


18 


920 




330 


4 


830 


590 


29 


80 


26 


15 


18 


18 


6 


14 


910 




340 


3 


840 


600 


80 


81 


27 


16 


12 


14 


6 


14 


900 




350 


3 


860 


610 


81 


82 


28 


16 


11 


14 


6 


14 


890 




360 


8 


860 


620 


82 


88 


28 


17 


11 


14 


5 


16 


880 




370 


8 


870 


630 


88 


88 


29 


17 


10 


16 


5 


16 


870 




880 


8 


880 


640 


84 


84 


29 


18 


9 


15 


5 


16 


860 




890 


8 


890 


650 


34 


85 


80 


18 


9 


16 


5 


16 


860 




400 


8 


900 


660 


85 


86 


80 


18 


8 


16 


4 


16 


840 




410 


8 


910 


670 


85 


36 


31 


19 


8 


16 


4 


16 


830 




420 


4 


920 


680 


86 


87 


31 


19 


8 


16 


4 


16 


820 




480 


4 


930 


690 


86 


87 


31 


19 


7 


16 


4 


17 


810 




440 


5 


940 


700 


87 


87 


82 


19 


7 


16 


4 


17 


800 




460 


6 


960 


710 


87 


88 


32 


20 


7 


16 


8 


17 


790 




460 


6 


960 


720 


37 


88 


32 


20 


6 


16 


8 


17 


780 




470 


7 


970 


780 


88 


88 


32 


20 


6 


16 


8 


17 


770 




480 


8 


980 


740 


88 


38 


82 


20 


6 


17 


8 


17 


760 




490 


9 


990 


750 


88 


88 


82 


20 


6 


17 


8 


17 


750 




500 


10 


1000 
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TABLE XLin. 



AxQUBiXNT. ETdetion, eoneoted. 





0* 


I* 


n* 


nii 


ITi 


T« 


0<» 


loSO' 0" 


2^0^48 


2^40 10 


2O60 26 


2089 8 


2<» 9 42 


1 


1 81 26 


2 11 67 


2 40 61 


2 60 28 


2 88 26 


2 8 29 


2 


1 82 61 


2 18 9 


2 41 80 


2 60 20 


2 87 40 


2 7 16 


8 


1 84 16 


2 14 21 


2 42 8 


2 60 16 


2 86 66 


2 6 2 


4 


1 86 42 


2 16 81 


2 42 46 


2 60 9 


2 86 8 


2 4 47 


6 


1 87 7 


2 16 41 


2 48 21 


2 60 1 


2 86 19 


2 8 82 


6 


1 88 82 


2 17 60 


248 66 


2 49 62 


2 84 80 


2 2 16 


7 


1 89 67 


2 18 68 


2 44 27 


2 49 41 


2 88 40 


2 10 


8 


1 41 21 


2 20 6 


2 44 69 


2 49 29 


2 82 48 


1 69 48 


9 


1 42 46 


2 21 11 


2 46 29 


2 49 16 


2 81 66 


1 68 26 


10 


1 44 10 


2 22 17 


2 46 67 


2 49 


2 81 2 


1 67 8 


11 


1 46 84 


2 28 21 


2 46 24 


2 48 48 


2 80 7 


1 66 49 


12 


1 46 68 


2 24 24 


2 46 60 


2 48 26 


2 29 11 


1 64 80 


18 


1 48 21 


2 26 26 


2 47 14 


2 48 6 


2 28 14 


1 68 11 


14 


1 49 64 


2 26 28 


2 47 87 


2 47 46 


2 27 16 


1 61 61 


16 


1 61 7 


2 27 28 


2 47 60 


2 47 28 


2 26 17 


1 60 81 


16 


1 62 29 


2 28 27 


2 48 19 


2 47 


2 26 17 


1 49 11 


17 


1 68 61 


2 29 26 


2 48 87 


2 46 86 


2 24 16 


1 47 60 


18 


1 66 12 


2 80 21 


2 48 64 


2 46 8 


2 28 14 


1 46 29 


19 


1 66 88 


2 81 17 


2 49 10 


2 46 41 


2 22 11 


1 46 7 


20 


1 67 68 


2 82 11 


2 49 24 


2 46 12 


2 21 7 


1 48 46 


21 


1 69 18 


2 88 6 


2 49 87 


2 44 41 


2 20 2 


1 42 24 


22 


2 82 


2 88 67 


2 49 48 


2 44 9 


2 18 66 


1 41 2 


28 


2 1 61 


2 84 48 


2 49 68 


2 48 86 


2 17 60 


1 89 89 


24 


2 8 9 


2 86 88 


2 60 6 


2 48 2 


2 16 48 


1 88 17 


26 


2 426 


2 86 26 


2 60 18 


2 42 26 


2 16 84 


1 86 64 


26 


2 648 


2 87 18 


2 60 19 


2 41 49 


2 14 26 


1 86 82 


27 


2 6 69 


2 87 69 


2 60 28 


2 41 11 


2 18 16 


1 84 9 


28 


2 8 16 


2 88 44 


2 60 26 


2 40 81 


2 12 6 


1 82 46 


29 


2 9 80 


2 89 28 


2 60 26 


2 89 60 


2 10 64 


1 81 28 


80 


2 10 48 


2 40 10 


2 60 26 


2 89 8 


2 9 42 


1 80 
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TABLE XLHL 



7S 



Selection. 
Abodmxnt. ETection, corrected. 





TI» 


TII" 


Tin- 1 IX* 


X* 


XI> 


(je 


P30' O'' 


0"50' 18" 


0-^20' 52" |0« 9' 34" 


0**19' 6r 


0^49' itJ" 


1 


1 28 87 


49 6 


20 10 


9 34 


20 32 


50 30 


2 


1 27 14 


47 55 


19 29 


9 35 


21 16 


51 45 


S 


1 25 51 


46 44 


18 49 


9 37 


22 1 


68 1 


4 


1 24 2S 


45 34 


18 11 


9 41 


22 47 


64 17 


& 


I 23 6 


44 26 


17 34 


9 47 


23 8i 


55 38 


6 


1 21 48 


4S 17 


16 58 


9 64 


24 22 


56 61 


7 


1 20 20 


42 10 


16 24 


10 2 


25 12 


58 9 


8 


1 IB 6S 


41 4 


15 50 


10 12 


20 3 


69 2a 


9 


1 17 ao 


aO 58 


15 19 


10 23 


26 55 


1 47 


10 


I 10 14 


38 53 


14 48 


10 36 


27 48 


1 2 r 


n , 


1 14 52 


37 49 


14 19 


10 50 


2B 48 


1 3 27 


12 


1 13 31 


ae 46 


13 51 


11 6 


29 39 


1 4 48 


IS 


1 12 10 


35 44 


13 25 


11 23 


30 36 


1 6 9 


14 


1 10 49 


S4 43 


13 


11 41 


31 83 


1 7 81 


15 


1 e 2G 


33 43 


12 37 


12 1 


32 32 


1 8 58 


16 


18 9' 


82 44 


uu 


12 23 


83 32 


1 10 16 


17 


1 a 49 


31 4tt 


11 64 


12 45 


34 34 


1 11 39 


18 


1 5 au 


80 49 


11 34 


13 10 


85 36 


I 13 2 


19 


1 4 11 


29 53 


11 1« 


13 85 


, 36 39 


1 14 26 ^ 


20 


1 2 52 


28 68 


11 


14 3 


37 43 


1 16 50 


21 


1 1 S4 


23 6 


10 46 


14 81 


38 48 


1 17 14 


22 


1 17 


27 12 


10 81 


15 1 


39 65 


1 18 39 


23 


59 


26 20 


10 19 


15 33 


41 2 


1 20 3 


24 


57 44 


25 30 


10 8 


16 6 


42 10 


1 21 28 


25 


56 28 


24 40 


9 59 


16 89 


43 19 


1 22 53 


26 


55 13 


23 62 


9 51 


17 16 


44 29 


1 24 18 , 


27 


53 58 


23 5 


9 45 


17 52 


46 39 


1 25 44 


28 


52 44 


22 20 


9 40 


18 30 


46 51 


1 27 9 


29 


51 U 


21 85 


9 36 


19 9 1 


48 3 


1 28 34 


SO 


50 18 


20 62 


9 84 


19 50 


49 16 


1 80 
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TABLE XLIV. 



Egiiation of Mav^t Centre. 
AnQVUiNT. Anomaly, corrected. 





()• 1 I. 


IX« 


III- 


IT" 


T» 


0« 


70 (y (y/ 


10O20'68'' 


12^88' 44" 


18oi7'86" 


12^16' 21" 


9o68'29" 


1 


7 7 6 


10 26 62 


12 41 43 


13 17 6 


12 12 48 


9 52*68 


2 


7 14 10 


10 82 42 


12 44 86 


18 16 28 


12 9 11 


9 47 24 


8 


7 21 16 


10 88 27 


12 47 20 


18 16 44 


12 6 29 


9 41 48 


4 


7 28 19 


10 44 8 


12 49 59 


13 14 68 


12 1 41 


9 86 10 


6 


7 86 28 


10 49 48 


12 62 80 


18 18 66 


11 67 49 


9 80 29 


6 


7 42 26 


10 66 14 


12 64 66 


18 12 62 


11 68 62 


9 24 46 


7 


7 49 28 


11 89 


12 67 12 


18 11 41 


11 49 60 


9 19 1 


8 


7 66 28 


11 6 


12 69 28 


13 10 24 


11 45 44 


9 18 18 


9 


8 8 28 


11 11 16 


18 1 26 


18 9 1 


11 41 88 


9 7 24 


10 


8 10 26 


11 16 24 


18 8 28 


18 7 81 


11 87 17 


9 1 82 


11 


8 17 22 


11 21 29 


18 6 12 


18 6 64 


11 82 57 


8 55 89 


12 


8 24 17 


11 26 27 


18 6 56 


18 4 12 


11 28 83 


8 49 44 


18 


8 81 10 


11 81 20 


18 8 80 


18 2 28 


11 24 5 


8 43 47 


14 


8 88 1 


11 86 8 


18 9 59 


18 27 


11 19 82 


8 87 49 


16 


8 44 60 


11 40 49 


18 11 20 


12 68 26 


11 14 65 


8 81 49 


16 


8 61 86 


11 46 26 


18 12 84. 


12 66 18 


11 10 14 


8 25 48 


17 


8 68 20 


11 49 64 


18 18 41 


12 64 6 


11 5 80 


8 19 46 


18 


9 6 1 


11 64 18 


18 14 41 


12 61 46 


11 41 


8 18 42 


19 


9 11 89 


11 68 86 


18 16 84 


12 49 19 


10 65 49 


8 7 88 


20 


9 18 16 


12 2 47 


18 16 20 


12 46 47 


10 60 68 


8 1 82 


21 


9 24 47 


12 6 62 


18 16 69 


12 44 10 


10 46 68 


7 66 26 


22 


9 81 16 


12 10 60 


18 17 81 


12 41 27 


10 40 50 


7 49 18 


28 


9 87 42 


12 14 42 


18 17 56 


12 38 88 


10 86 48 


7 48 10 


24 


9 44 4 


12 18 28 


18 18 14 


12 86 43 


10 30 83 


7 37 1 


26 


9 60 28 


12 22 7 


18 18 24 


12 82 43 


10 26 20 


7 80 62 


26 


9 66 88 


12 26 40 


18 18 28 


12 29 87 


10 20 4 


7 24 42 


27 


10 2 49 


12 29 6 


18 18 26 


12 26 26 


10 14 45 


7 18 82 


28 


10 8 66 


12 82 26 


18 18 16 


12 23 10 


10 9 22 


7 12 21 


29 


10 14 69 


12 86 88 


18 17 59 


12 19 48 


10 8 57 


7 6 11 


80 


10 20 68 


12 88 44 


18 17 86 


12 16 21 


9 68 29 


7 
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EgwUion of Moon'* Centre. 
Aboumint. Anomaly, corrected. 





VI. 


vn« 


Tlllt 


IXi 


X- 


XI* 


0<» 


70 (y 0" 


40 i> 81" 


1*43' 39" 


0^42' 25" 


I021' 16" 


3039' 2" 


1 


6 58 49 


8 56 8 


1 40 12 


42 1 


1 24 22 


3 45 1 


2 


6 47 89 


8 50 88 


1 36 50 


41 44 


1 27 36 


8 51 4 


8 


6 41 28 


3 45 15 


1 33 84 


41 35 


1 30 64 


8 67 11 


4 


6 85 18 


3 89 56 


1 30 28 


41 32 


1 34 20 


4 8 22 


6 


6 29 8 


8 34 40 


1 27 17 


41 36 


1 37 63 


4 9 37 


6 


6 22 59 


8 29 26 


1 24 17 


41 46 


1 41 32 


4 15 65 


7 


6 16 50 


8 24 17 


1 21 22 


42 4 


1 46 18 


4 22 18 


8 


6 10 42 


3 19 10 


1 18 83 


42 29 


1 49 10 


4 28 44 


9 


6 4 84 


8 14 7 


1 15 50 


48 1 


1 63 8 


4 85 13 


10 


6 58 28 


3 9 7 


1 13 12 


43 40 


1 67 13 


4 41 45 


11 


5 52 22 


8 4 11 


1 10 41 


44 26 


2 1 24 


4 48 21 


12 


5 46 17 


2 59 19 


1 8 15 


45 19 


2 5 42 


4 54 69 


13 


5 40 14 


2 54 80 


1 5 55 


46 19 


2 10 6 


5 1 40 


14 


5 84 12 


2 49 46 


1 8 42 


47 26 


2 14 36 


6 8 24 


15 


5 28 11 


2 45 5 


1 1 84 


48 40 


2 19 11 


5 15 10 


18 


5 22 11 


2 40 28 


59 88 


50 1 


2 23 62 


5 21 59 


17 


5 16 13 


2 35 55 


57 87 


51 30 


2 28 89 


6 28 50 


18 


5 10 16 


2 31 27 


55 48 


53 5 


2 83 32 


6 36 43 


19 


5 4 21 


2 27 3 


54 6 


54 47 


2 38 81 


5 42 8? 


20 


4 58 28 


2 22 48 


52 29 


56 37 


2 43 85 


6 49 84 


21 


4 52 36 


2 18 27 


50 59 


58 33 


2 48 46 


6 56 32 


22 


4 46 47 


2 14 16 


49 86 


1 87 


2 54 


6 3 81 


23 


4 40 59 


2 10 10 


48 19 


1 2 48 


2 69 21 


6 10 82 


24 


4 35 14 


2 6 8 


47 8 


15 5 


8 4 46 


6 17 84 


26 


4 29 31 


2 2 11 


46 4 


1 7 80 


3 10 17 


6 24 37 


26 


4 23 50 


1 58 19 


45 7 


1 10 1 


3 15 52 


6 31 41 


27 


4 18 11 


1 54 31 


44 16 


1 12 40 


8 21 33 


6 88 45 


28 


4 12 85 


1 50 49 


43 32 


1 16 25 


3 27 18 


6 46 60 


29 


4 7 2 


1 47 11 


42 55 


1 18 17 


3 33 8 


6 62 65 


80 


4 1 81 


1 48 39 


42 25 


1 21 16 


3 39 2 


7 
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TABLE XLV. Variatum. 







Argument. Variation, oorrected. 






o« 


!• 


II* 


Ul* 


IT» 


T* 


Qo 


0°88' 0" 


lo 8' 1" 


lo 6' 68" 


0*86' 54" 


0*»6' 29" 


Ooft' 2^ 


1 


89 18 


1 8 86 


1 6 18 


84 40 





4 64 


642 


2 


40 26 


1 9 7 


1 6 86 


88 27 





4 21 


7 24 


8 


41 89 


1 9 86 


1 4 62 


82 18 





S51 


8 8 


4 


42 62 


1 10 8 


1 4 6 


81 





8 22 


855 


5 


44 4 


1 10 28 


1 8 17 


29 47 





2 56 


9 44 


6 


45 16 


1 10 60 


1 2 27 


28 84 





2 88 


10 84 


7 


46 28 


1 11 9 


1 1 85 


27 22 





2 12 


11 27 


8 


47 88 


1 11 26 


1 42 


26 11 





1 54 


12 22 


9 


48 48 


1 11 41 


59 46 


25 1 





1 88 


18 19 


10 


49 67 


1 11 68 


58 49 


28 51 





1 24 


14 17 


11 


51 6 


1 12 2 


57 60 


022 42 





1 14 


15 17 


12 


52 18 


1 12 9 


56 60 


21 84 





1 5 


16 19 


18 


58 19 


1 12 18 


66 48 


20 28 





1 


17 22 


14 


54 24 


1 12 16 


54 46 


19 22 





57 


18 27 


16 


55 27 


1 12 14 


58 41 


18 18 





57 


19 88 


16 


056 80 


1 12 10 


52 85 


17 15 





60 


20 41 


17 


57 81 


1 12 4 


51 28 


16 18 





1 4 


21 50 


18 


68 80 


1 11 66 


60 21 


16 18 


0- 


1 11 


28 


19 


059 28 


1 11 44 


49 12 


14 15 





1 22 


24 11 


20 


1 24 


1 11 80 


048 2 


18 17 





1 84 


25 28 


21 


1 1 19 


1 11 14 


46 52 


12 22 





1 50 


26 86 


22 


1 2 11 


1 10 66 


45 40 


U 28 





2 8 


27 60 


28 


18 2 


1 10 84 


44 29 


10 87 





2 28 


29 4 


24 


1 8 51 


1 10 10 


48 16 


9 47 





2 61 


80 20 


25 


1 4 88 


1 9 44 


042 8 


8 69 





8 17 


81 86 


26 


1 5 28 


1 9 15 


40 60 


8 18 





8 45 


82 52 


27 


16 6 


1 8 44 


89 86 


7 29 





4 16 


84 9 


28 


1 6 47 


1 8 11 


88 22 


6 47 





4 48 


85 26 


29 


1 7 26 


1 7 86 


87 8 


6 7 





5 24 


86 48 


80 


1 8 1 


1 6 68 


86 54 


5 29 





6 2 


88 



TABLE XLYI. Redudim. 
Aboumeitt. Supplement of Node -|- Moon^s Orb. Long. 





Oi 


VI" 


!• 


Tn» 


li> 


vin« 


UI« 


IX* 


IV« 


X* 


T« XI» 


^ 


r 


0" 


1' 


8" 


1' 


8" 


7' 


0" 


12' 


bT 


12' 57" 


1 


6 


46 





56 




10 




14 


18 


4 


12 50 


2 


6 


81 





49 




18 




29 


18 


10 


12 42 


8 


6 


17 





48 




26 




48 


18 


17 


12 88 


4 


6 


8 





88 




85 




67 


18 


22 


12 25 


5 


5 


48 





88 




44 


8 


12 


18 


27 


12 16 


6 


5 


84 





28 


1 


54 


8 


26 


18 


82 


12 6 


7 


5 


20 





24 


2 


8 


8 


40 


18 


86 


11 56 


8 


5 


6 





20 


2 


14 


8 


54 


18 


40 


11 46 


9 


4 


58 





17 


2 


24 


9 


7 


18 


48 


11 86 


10 


4 


89 





14 


2 


85 


9 


21 


18 


46 


11 25 


11 


4 


26 





12 


2 


46 


9 


84 


18 


48 


11 14 


12 


4 


12 





10 


2 


58 


9 


48 


18 


60 


11 2 


18 


8 


59 





9 


8 


9 


10 


1 


18 


51 


10 50 


14 


8 


46 





8 


8 


22 


10 


18 


18 


62 


10 88 


15 


8 


84 





8 


8 


84 


10 


26 


18 


62 


10 26 
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TABLE XLV. Variatim. 
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Abqumint. Variation, corrected. 






VI* 


VII* 


VIII* 


IX 


X* 


Xli 


(y> 


0*88' 0" 


1« 9' 58" 


mO' 80" 


(y>i(y 6" 


o«» y 2" 


0«> 7' 68" 


1 


89 17 


1 10 86 


1 9 58 


88 52 


8 24 


8 86 


2 


40 84 


1 11 11 


1 9 18 


87 88 


7 49 


9 18 


8 


41 51 


1 11 44 


1 8 81 


86 24 


7 16 


9 64 


4 


48 8 


1 12 15 


1 7 47 


85 10 


6 46 


10 87 


6 


44 24 


1 12 48 


17 1 


88 57 


6 16 


11 22 


6 


45 40 


1 18 9 


1 6 18 


82 44 


5 50 


12 9 


7 


46 55 


1 18 82 


1 5 28 


81 81 


5 26 


12 68 


8 


48 10 


1 18 52 


1 4 81 


80 19 


6 5 


18 49 


9 


49 24 


1 14 10 


1 8 88 


29 8 


4 46 


14 41 


10 


50 87 


1 14 26 


1 2 42 


27 58 


4 29 


16 86 


11 


51 49 


1 14 88 


1 1 45 


26 48 


4 16 


16 82 


12 


058 


1 14 48 


1 47 


25 89 


4 4 


17 80 


18 


54 10 


1 14 56 


59 47 


24 81 


8 56 


18 29 


14 


55 19 


1 15 1 


58 46 


28 26 


8 60 


19 80 


16 


56 27 


1 15 8 


57 42 


22 19 


8 46 


20 82 


16 


57 88 


1 15 8 


56 88 


21 15 


8 45 


21 86 


17 


58 88 


1 15 


56 82 


20 12 


8 47 


22 41 


18 


59 41 


1 14 54 


54 25 


19 10 


8 51 


28 47 


19 


1 48 


1 14 46 


58 18 


18 10 


8 58 


24 64 


20 


1 1 48 


1 14 85 


52 9 


17 11 


4 7 


26 8 


21 


1 2 41 


1 14 25 


50 59 


16 14 


4 19 


27 12 


22 


1 8 88 


1 14 6 


49 49 


15 18 


4 34 


28 22 


28 


1 4 83 


1 18 48 


48 88 


14 25 


4 51 


29 82 


24 


1 5 25 


1 18 27 


47 26 


18 88 


5 10 


80 44 


26 


1 6 16 


1 18 8 


46 18 


12 48 


5 82 


81 56 


26 


1 7 5 


1 12 88 


45 


11 54 


6 67 


88 8 


27 


1 7 52 


1 12 9 


43 47 


11 8 


6 28 


84 20 


28 


1 8 86 


1 11 89 


42 88 


10 24 


6 68 


86 88 


29 


1 9 18 


1 11 6 


41 20 


9 42 


7 24 


86 47 


80 


1 9 58 


1 10 80 


40 6 


9 2 


7 58 


88 



TABLE XLVI. Eeducium. 
Argument. Supplement of Node -|- Moon's Orb. Long. 





Oi 


VI* 


I* 


VII* 


U* 


VIII* 


ni* 


ix« 


IV* 


X^ 


V* XI* 


15« 


8' 


84" 


0' 


8" 


8' 


84" 


10' 


26" 


18' 


62 


10' 26" 


16 


8 


22 





8 


8 


46 


10 


88 


18 


62 


10 18 


17 


8 


9 





9 


8 


69 


10 


60 


18 


61 


10 1 


18 


2 


68 





10 


4 


12 


11 


2 


18 


50 


9 48 


19 


2 


46 





12 


4 


26 


11 


14 


18 


48 


9 84 


20 


2 


85 





14 


4 


89 


11 


26 


18 


46 


9 21 


21 


2 


24 





17 


4 


68 


11 


86 


18 


48 


9 7 


22 


2 


14 





20 


6 


6 


11 


46 


18 


40 


8 54 


28 


2 


8 





24 


5 


20 


11 


56 


18 


86 


8 40 


24 




64 





28 


6 


84 


12 


6 


18 


82 


8 26 


25 




44 





88 


5 


48 


12 


16 


18 


27 


8 12 


26 




85 





88 


6 


8 


12 


26 


18 


22 


7 67 


27 




26 





48 


6 


17 


12 


88 


18 


17 


7 48 


28 




18 





49 


6 


81 


12 


42 


18 


10 


7 29 


29 




10 





66 


6 


46 


12 


50 


18 


4 


7 14 


80 




8 


1 


8 


7 





12 


57 


12 


57 


7 



56 
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TABLE XLVn. 



Mtm'i DitUmee/roM the North Pole of the Ediptie. 
Abquuxnt. Sappl. of Node -\- Moon's Orbit Longitade. 





in« 


IT« 


T» 


TI« 


Tn« 


VITT* 




(y> 


84089' 16" 


35020' 48" 


87<»18'47" 


89°48' 0" 


92<»22' 18" 


94*»15' 17" 


80»i 


1 


84 89 19 


85 28 27 


87 18 28 


89 58 28 


92 26 52 


94 17 57 


29 


2 


84 89 27 


85 26 16 


87 28 12 


89 58 46 


92 81 27 


94 20 81 


28 


8 


84 89 41 


85 29 10 


87 27 58 


90 4 8 


92 86 


94 28 1 


27 


4 


84 40 1 


85 32 9 


87 82 48 


90 9 81 


92 40 80 


94 25 25 


26 


6 


84 40 27 


85 85 12 


87 87 89 


90 14 52 


92 44 56 


94 27 45 


25 


6 


84 40 58 


85 88 20 


87 42 88 


90 20 14 


92 49 19 


94 29 59 


24 


7 


84 41 84 


85 41 88 


87 47 80 


90 25 85 


92 58 89 


94 32 8 


28 


8 


84 42 17 


85 44 50 


87 52 28 


90 80 55 


92 57 56 


94 84 12 


22 


•9 


84 48 5 


85 48 11 


87 57 29 


90 86 14 


98 2 9 


94 86 11 


21 


10 


84 48 58 


85 51 87 


88 2 81 


90 41 88 


98 6 18 


94 88 4 


20 


11 


84 44 57 


85 55 7 


88 7 86 


90 46 50 


98 10 24 


94 89 52 


19 


12 


84 46 2 


85 58 42 


88 12 42 


90 52 7 


98 14 27 


94 41 85 


18 


18 


84 47 12 


86 2 20 


88 17 50 


90 57 22 


98 18 25 


94 48 13 


17 


14 


84 48 27 


86 6 8 


88 28 


91 2 86 


98 22 20 


94 44 45 


16 


16 


84 49 49 


86 9 50 


88 28 11 


91 7 49 


98 26 10 


94 46 11 


15 


16 


84 51 15 


86 18 40 


88 88 24 


91 18 


98 29 57 


94 47 82 


14 


17 


85 52 47 


86 17 85 


88 88 88 


91 18 10 


98 88 40 


94 48 48 


18 


18 


84 54 25 


86 21 88 


88 48 58 


91 28 18 


98 87 18 


94 49 58 


12 


19 


84 56 7 


86 25 86 


88 49 10 


91 28 24 


98 40 58 


94 51 8 


11 


20 


84 57 56 


86 29 42 


88 54 27 


91 88 29 


93 44 23 


94 52 2 


10 


21 


84 59 49 


86 88 51 


88 59 46 


91 88 81 


98 47 49 


94 52 55 


9 


22 


85 1 48 


86 88 4 


89 5 5 


91 48 82 


93 51 10 


94 58 48 


8 


28 


85 8 52 


86 42 21 


89 10 25 


91 48 80 


98 54 27 


94 54 26 


7 


24 


85 6 1 


86 46 41 


89 15 46 


91 58 27 


98 57 40 


94 55 2 


6 


25 


85 8 15 


86 51 4 


89 21 7 


91 58 21 


94 48 


94 55 38 


5 


26 


85 10 85 


86 55 80 


89 26 29 


92 8 12 


94 8 51 


94 55 59 


4 


27 


85 12 59 


87 


89 81 52 


92 8 1 


94 6 50 


94 56 18 


8 


28 


85 15 29 


87 4 82 


89 87 14 


92 12 48 


94 9 44 


94 56 88 


2 


29 


85 18 8 


87 9 8 


89 42 87 


92 17 82 


94 12 88 


94 56 41 


1 


80 


85 20 48 


87 18 47 


89 48 


92 22 18 


94 15 17 


94 56 44 







n. 


I" 


0* 


XI* 


x« 


IZ« 
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TABLE XLVin, 

SgwUum U. of the Mxm's Polar Distance. 

Argument n., corrected. 





III* 


IV« 


T» 


VI« 


TII« 


VIU« 




Oo 


14" 


1'24" 


4'87" 


y 0" 


18' 28" 


16'86" 


80O 


1 


14 


129 


446 


9 9 


18 81 


16 40 


29 


2 


14 


184 


4 68 


9 18 


18 89 


16 46 


28 


8 


14 


189 


6 1 


9 27 


18 47 


16 49 


27 


4 


16 


144 


6 9 


9 87 


18 64 


16 68 


26 


6 


016 


149 


6 18 


9 46 


14 2 


16 67 


26 


6 


017 


164 


6 26 


966 


14 9 


17 1 


24 


7 


18 


2 


6 84 


10 4 


14 17 


17 4 


28 


8 


19 


2 6 


6 48 


1018 


14 24 


17 8 


22 


9 


20 


2 11 


6 61 


10 22 


14 81 


17 11 


21 


10 


22 


2 17 


6 


10 81 


14 88 


17 14 


20 


11 


28 


2 28 


6 9 


10 40 


14 46 


17 17 


19 


12 


26 


2 29 


6 17 


10 49 


14 62 


17 20 


18 


18 


27 


2 86 


6 26 


10 68 


14 69 


17 28 


17 


14 


29 


2 41 


6 86 


11 7 


16 6 


17 26 


16 


16 


82 


2 48 


644 


11 16 


16 12 


17 28 


16 


16 


84 


2 64 


6 68 


1126 


16 18 


17 81 


14 


17 


37 


8 1 


7 2 


1184 


16 26 


17 88 


18 


18 


^40 


8 8 


7 11 


1148 


16 81 


17 86 


12 


19 


42 


8 16 


7 20 


1161 


16 87 


17 86 


11 


20 


46 


822 


7 29 


12 


16 48 


17 88 


10 


21 


49 


8 29 


7 88 


12 9 


16 49 


17 40 


9 


22 


52 


8 86 


7 47 


12 17 


16 66 


17 41 


8 


28 


56 


848 


766 


12 26 


16 


17 42 


7 


24 


69 


8 61 


8 6 


12 84 


16 6 


17 48 


6 


26 


1 8 


868 


8 14 


12 42 


16 11 


17 44 


6 


26 


1 7 


4 6 


8 28 


12 61 


16 16 


17 46 


4 


27 


111 


4 18 


8 82 


12 69 


16 21 


17 46 


8 


28 


116 


4 21 


8 42 


18 7 


16 26 


17 46 


2 


29 


120 


4 29 


8 61 


18 16 


16 81 


17 46 


1 


80 


124 


4 87 


9 


18 28 


16 86 


17 46 







II* 


!• 


o« 


XI, 


x» 


IX* 





TABLE XLIX. 

Equation HI. of the Polar Distance, 

Argument. Moon's True Longitude. 





ni« 


iv» 


T« 


vi 


Tn 


vra* 




0» 


16" 


16" 


12" 


8" 


4" 


1" 


80«> 


6 


16 


14 


11 


7 


8 


1 


24 


12 


16 


14 


10 


6 


8 





18 


18 


16 


18 


10 


6 


2 





12 


24 


16 


18 


9 


6 


1 





6 


80 


16 


12 


8 


4 


1 










n« 


I* 


0> 


XI* 


X« 


IXi 
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To convert Degrte$ and 
MintUes into Decimai 
Parts. 



TABLE LI. 

EqwjUioni of Polar DitUmoe. 
Abouhents. 20 of Long.; Y. to DC., oor« 
rected ; and X., not oorrected. 



llinatofl. 


Dm. 
Parts. 


lo 6' 


.008 


1 26 


4 


1 48 


5 


2 10 


6 


2 81 


7 


2 58 


8 


8 14 


9 


8 86 


10 


8 68 


11 


4 19 


12 


4 41 


18 


6 2 


14 


6 24 


15 


6 46 


16 


6 7 


17 


6 29 


18 


6 50 


19 


7 12 


20 


7 84 


21 


7 55 


22 


8 17 


28 


8 88 


24 


9 


25 


9 22 


26 


9 48 


27 


10 5 


28 


10 26 


29 


10 48 


80 


11 10 


81 


11 81 


82 


11 58 


88 


12 14 


84 


12 86 


85 


12 58 


86 


18 19 


87 


18 41 


88 


14 2 


89 


14 24 


40 


14 46 


41 


15 7 


42 


15 29 


48 


15 50 


44 


16 12 


45 


16 84 


46 


16 55 


47 


17 17 


48 


17 88 


49 


18 


50 


18 22 


61 


18 48 


52 


19 5 


58 



Arg. 


90 


V. 


VI. 


vu. 


VIII. 


IX. 


X. 


ATf. 


250 


0" 


56" 


6" 


8" 


25' 


8" 


11" 


250 


260 





56 


6 


8 


25 


8 


11 


240 


270 





56 


6 


8 


25 


8 


11 


280 


280 


1 


55 


6 


8 


25 


8 


11 


220 


290 


1 


55 


7 


8 


25 


4 


11 


210 


800 


1 


55 


7 


4 


25 


4 


11 


200 


810 


1 


54 


8 


4 


24 


5 


12 


190 


820 


2 


58 


8 


5 


24 


6 


12 


180 


880 


2 


58 


9 


5 


24 


6 


18 


170 


840 


8 


52 


10 


6 


28 


7 


18 


160 


850 


8 


51 


11 


7 


28 


8 


14 


150 


860 


4 


50 


12 


8 


28 


9 


14 


140 


870 


4 


49 


18 


9 


22 


10 


15 


180 


880 


5 


48 


14 


10 


22 


11 


16 


120 


890 


6 


46 


15 


11 


21 


18 


17 


110 


400 


6 


45 


16 


12 


21 


14 


17 


100 


410 


7 


44 


17 


18 


20 


15 


18 


90 


420 


8 


42 


18 


14 


20 


17 


19 


80 


480 


9 


41 


20 


15 


19 


18 


20 


70 


440 


10 


89 


21 


17 


19 


20 


21 


60 


450 


10 


88 


28 


18 


18 


22 


22 


50 


460 


11 


86 


24 


19 


17 


28 


28 


40 


470 


12 


85 


25 


21 


17 


25 


24 


80 


480 


18 


88 


27 


22 


16 


27 


25 


20 


490 


14 


82 


28 


24 


16 


28 


26 


10 


500 


16 


80 


80 


25 


15 


80 


27 


000 


510 


16 


28 


81 


26 


14 


82 


28 


990 


620 


17 


27 


88 


28 


14 


88 


29 


980 


580 


18 


25 


84 


29 


18 


85 


80 


970 


540 


19 


24 


86 


81 


12 


87 


81 


960 


550 


19 


22 


87 


82 


12 


88 


82 


950 


560 


20 


20 


89 


88 


11 


40 


88 


940 


570 


21 


19 


40 


84 


11 


41 


84 


980 


580 


22 


17 


41 


86 


10 


43 


85 


920 


590 


28 


16 


48 


87 


10 


44 


86 


910 


600 


24 


15 


44 


88 


9 


46 


87 


900 


610 


24 


18 


45 


89 


9 


47 


87 


890 


620 


25 


12 


46 


40 


8 


48 


88 


880 


680 


26 


11 


47 


41 


8 


50 


89 


870 


640 


26 


10 


48 


42 


7 


51 


40 


860 


650 


27 


9 


49 


48 


7 


52 


40 


850 


660 


27 


8 


50 


44 


6 


58 


41 


840 


670 


28 


7 


51 


45 


6 


54 


41 


880 


680 


28 


7 


52 


45 


6 


54 


42 


820 


690 


29 


6 


52 


46 


6 


55 


42 


810 


700 


29 


. 5 


58 


46 


5 


56 


42 


800 


710 


29 


5 


58 


47 


5 


56 


48 


790 


720 


29 


5 


58 


47 


5 


56 


48 


780 


780 


80 


4 


54 


47 


5 


57 


48 


770 


740 


80 


4 


54 


47 


5 


57 


48 


760 


750 


80 


4 


54 


47 


5 


57 


48 


750 
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TABLE UI. 



81 



AnouHXNT. Argument of the Eveotioii. 





Qi 


!■ 


11* 


III' 


IT- 


Vi 




0= 


rm" 


1'23- 


1' r 


0^50" 


^32'^ 


0^18" 


30= 


1 


128 


1 28 


1 8 


49 


31 


018 


29 


2 


128 


122 


1 8 


49 


30 


018 


28 


S 


128 


1 22 


i 1 ^ 


48 


30 


17 


27 


4 


128 


122 


1 7 


47 


29 


17 


26 


6 


128 


121 


1 6 


47 


29 


17 


26 


6 


128 


121 


1 6 


46 


28 


17 


24 


7 


1 2S 


1 20 


1 6 


46 


28 


16 


23 i 


8 


128 


120 


1 4 


45 


27 


om 


22 


9 


1 28 


120 


1 4 


44 


27 ' 


016 


21 


10 


1 28 


1 19 


1 3 


44 


20 


016 


20 


n 


1 28 


1 19 


1 2 


43 


26 


15 


19 


12 


1 27 


1 18 


1 2 


42 


25 


16 


18 


IS 


1 27 


1 18 


1 1 


42 


25 


16 


17 


14 


1 27 


1 17 


1 


41 


24 


16 


16 


15 


127 


117 


1 


40 


24 


16 


15 


la 


127 


1 16 


59 


40 


024 


16 


14 


IT 


1 27 


I 16 


59 


39 


23 


14 


13 


18 


126 


1 15 


58 


39 


23 


14 


12 1 


19 


126 


1 15 


57 


38 


22 


14 


11 


20 


1 26 


114 


57 


37 


022 


14 


10 


31 


1 2fl 


1 14 


66 


37 


21 


014 


9 


22 


1 25 


1 13 


066 


36 


21 


14 


8 


23 


1 26 


1 13 


65 


36 


21 


14 


7 


24 


1 25 


1 12 


64 


35 


20 


14 


6 


25 


1 26 


1 12 


68 


34 


20 


014 


5 


26 


124 


111 


53 


34 


020 


014 


4 


27 


1 24 


1 11 


62 


33 


19 


14 


8 


28 


124 


1 10 


51 


53 


19 


13 


2 


29 


1 23 


1 10 


51 


32 


19 


13 


1 


30 


123 


1 9 


60 


32 


18 


018 







H* 


X" 


DC- 


Yltl- 


Yll- 


Tl« 
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TABLE Lm. 



Moon* 8 Bguatorial BardUax. 
Aboument. Anomaly. 





0- 


!• 


!!• 


in- 


nr- 


v« 




Qo 


68'68" 


58' 27^* 


67' 8" 


65'80" 


64' 2" 


58' 8" 


80* 


1 


68 68 


68 26 


67 5 


66 27 


68 69 


58 2 


29 


2 


68 68 


58 28 


67 2 


65 28 


68 57 


58 


28 


8 


68 67 


58 21 


66 68 


66 20 


68 64 


52 69 


27 


4 


68 67 


68 19 


56 66 


66 17 


68 62 


62 68 


26 


6 


68 67 


68 16 


66 62 


6614 


68 60 


62 67 


26 


6 


68 66 


6814 


56 49 


56 11 


68 47 


62 56 


24 


7 


68 66 


6812 


66 45 


66 7 


68 45 


62 66 


28 


8 


68 66 


5810 


66 42 


66 4 


58 48 


62 54 


22 


9 


68 66 


68 7 


66 89 


66 1 


58 41 


62 58 


21 


10 


68 64 


68 6 


56 86 


64 68 


68 88 


52 62 


20 


11 


69 68 


68 2 


56 82 


64 66 


68 86 


62 51 


19 


12 


68 68 


68 


66 29 


64 62 


58 84 


52 60 


18 


18 


68 62 


57 67 


56 26 


64 49 


58 82 


52 49 


17 


14 


68 51 


57 66 


66 22 


64 46 


68 80 


52 49 


16 


16 


68 60 


67 62 


66 19 


64 48 


68 28 


62 48 


15 


16 


58 49 


57 49 


66 16 


64 40 


58 26 


62 47 


14 


17 


68 48 


57 46 


66 18 


64 87 


68 24 


62 47 


18 


18 


68 46 


57 44 


66 9 


64 84 


68 22 
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21 68 6 .2 

N.22 6 21 .1 
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44.86 
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48.67 

42.91 
42.24 
41.65 
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89.48 

88.69 
87.94 
87.18 

86.40 
86.62 
84.82 

84.01 
88.20 
82.86 
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1 boor. 
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0.269 
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0.187 
0.112 
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8 61 .94 



3 49 
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8 42 
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0.169 
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0.211 
0.282 

0.262 
0.270 
0.290 



8 4.17 0.809 
2 66 .76 .828 
2 48 .90 .846 
2 40.600.868 



1 8 .84 12 81 .89 



* Mean Time of the Semidiftmeter passing msy be found by subtrftoting Os. 18 i 
from the Sidereal Time. 
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Tkm» slW 


do™ or 


ur 


»* 


30^ 


«" 


KT 


V 


VF 


V 


*' 


^ 


D.CO& er 


mklnlgbU 






















mjdnti^liL 


+ 


" 


" 


tf 


tf 


" 


It 


ft 


** 


ft 


ft 


_^ 


Ob. Om^ 


0.0 


0.0 


0.0 


0.0 


(KO 


0.0 


0.0 


0.0 


0.0 


0.0 I2h- 0=^ 


00 


0,0 


0.1 


0.1 


0,1 


0.2 


0,2 


0.4 


0.fi 


OJ 


0.9, n 30 


1 


0.1 


0.1 


0.2 


0.2 


0.3 


0-3 


0.6 


1.0 


1.8 


1.5 11 


\ 80 


ai 


OJ 


0.2 


0.3 


0.3' 


0.4 


0.8 


1.2 


LO 


2.1 


10 m 


2 


0-1 


0.2 


0.2 


0,8 


0.4 


0-& 


OJ 


1.4 


1.9 


2.8 


10 


2 30 


0.1 


0.2 


0,2 


0.3 


0.4 


0.5 


1.0 


1.4 


1,9 


2,4 


9 80 


S 


0,1 


0.2 


0.2 


0.3 


0.4 


0.5 


0.0 


1.4 


1.9 


2.3 


9 


3 30 


0.1 


0.1 


0.2 


0.3 


0.4 


0.4 


0.9 


1.3 


1.7 


2.2 


8 80 


i 


0.1 


0.1 


0.2 


0,2 


0.3 


0,4 


M 


IJ 


L5 


1.9 


8 


4 80 


0.0 


0.1 


0.1 


0.2 


0.2 


0.3 


0.6 


0.9 


1.2 


1.6 


T 30 


G 


ao 


0,1 


0.1 


n.i 


0.2 


0.2 


0.4 


0.6 


0.8 


1.0 


7 


a 80 


0,0 


OJi 


0.1 


0,1 


0.1 


0.1 


0.2 


0,3 


0,4 


0.6 


6 80 


e 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


j 0,0 


6 


+ 

























TABLE LXVm. 
Fourth Differemxi. 



Time aJlUr 














• 




rtw 


aftm-l 


noan at 


ID* 


30* 


ao^ 


iOff 


fiO^ 


r 


2' 


a' 


no&D «ri 


mliJIbJ^ht 


















mid 


Dlght 


k Bl. 


ff 


it 


ft 


ff 


ff 


M 


tt 


it 


Ji, 


m. 





0.0 


ao 


0.0 


0,0 


0.0 


0,0 


0,0 


0.0 


12 


1 


30 


0.0 


0.1 


0.1 


0.1 


0.2 


0.2 


0.4 


0.6 


11 


£10 


1 


0.1 


0.1 


0.2 


0.3 


0.3 


0.4 


0.8 , 


1.2 


n 





1 30 


0.1 


0.2 


0.3 


0,4 


0.5 


0.6 


1.2 


1.7 


10 


30 


2 


0,1 


0.2 


0.4 


0.5 


0.6 


0.7 


1.6 


2.2 


10 





2 30 


0.1 


0.3 


0.4 


0.0 


0.7 


0.9 


1.8 


2.7 


9 


30 ' 


8 


0,2 


0.3 


0.5 


0.7 


0.9 


1.0 


Zl 


3.1 


9 





3 80 


0.2 


0.4 


Ojj 


O.B 


0.0 


M 


2,3 


3.4 


8 


m 


, 4 


0.2 


0.4 


0.6 


0.8 


1,0 


1.2 


2.6 


3.7 


8 





4 30 


0.2 


0.4 


0,7- 


0.9 


LI 


1.3 


2.6 


3.9 


7 


30 


6 


0,2 


0.6 


0.7 


0.9 


1.1 


J. 4 


2.7 


4.1 


7 


n 


6 30 


0.2 


0.5 


0,7 


0,9 


1.2 


1.4 


2.8 


4,2 


6 


30 


6 


0.2 


0.5 


0.7 


0.9 


1.2 


1.4 


2.8 


4.2 1 
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H. Longitude. 


Aphelion. 


Node. 


II. 


ni. 




• O ' /' 


• O t M 


• o / // 






1885 


7 11 8 84 


8 14 52 47 


1 16 21 44 


11 


1559 


1880 j>. 


9 8 52 11 


8 14 58 48 


1 16 22 26 


877 


1925 


1887 


11 2 85 14 


8 14 54 89 


1 16 28 8 


386 


228 


1838 


26 18 18 


8 14 55 85 


1 16 28 50 


296 


592 


1889 


2 20 1 21 


8 14 56 81 


1 16 24 82 


255 


955 


1840 B. 


4 17 49 58 


8 14 57 27 


1 16 25 15 


217 


1820 


1841 


6 11 88 1 


8 14 58 28 


1 16 25 57 


176 


1682 


1842 


8 5 16 5 


8 14 59 19 


1 16 26 89 


185 


2047 


1848 


9 28 59 8 


8 15 15 


1 16 27 21 


96 


851 


1844 B. 


11 26 47 45 


8 15 1 11 


1 16 28 8 


56 


717 


1845 


1 20 80 48 


8 15 2 7 


1 16 28 45 


15 


1088 


1846 


8 14 18 52 


8 15 8 8 


1 16 29 27 


880 


1450 


1847 


6 7 56 55 


8 15 8 59 


1 16 80 10 


340 


1816 


1848 B. 


7 5 45 82 


8 15 4 55 


1 16 80 52 


800 


118 


1849 


8 29 28 85 


8 15 5 51 


1 16 81 84 


260 


478 


1850 


10 28 11 89 


8 15 6 47 


1 16 82 16 


220 


844 


1851 


16 54 42 


8 15 7 48 


1 16 82 58 


180 


1209 


1862 B. 


2 14 48 19 


8 15 8 89 


1 16 88 40 


140 


1575 


1858 


4 8 26 22 


8 15 9 85 


1 16 84 28 


100 


1940 


1864 


6 2 9 26 


8 15 10 31 


1 16 85 5 


59 


285 


1856 


7 25 52 29 


8 15 11 27 


1 16 85 47 


19 


600 


1856 B. 


9 28 41 6 


8 15 12 28 


1 16 86 29 


885 


966 


1857 


11 17 24 9 


8 15 18 19 


1 16 87 11 


845 


1881 


1858 


1 11 7 18 


8 15 14 15 


1 16 87 53 


804 


1696 


1859 


8 4 50 16 


8 15 15 11 


1 16 88 85 


264 


2061 


1860 B. 


5 2 88 53 


8 15 16 7 


1 16 89 18 


224 


857 


1861 


6 26 21 56 


8 15 17 4 


1 16 40 


184 


722 


1862 


8 20 5 


8 15 18 


1 16 40 42 


144 


1087 


1868 


10 18 48 8 


8 15 18 56 


1 16 41 24 


103 


1452 


1864 B. 


11 86 40 


8 15 19 52 


1 16 42 6 


64 


1818 


1865 


2 5 19 48 


8 15 20 48 


1 16 42 48 


24 


118 


1866 


8 29 2 47 


8 15 21 44 


1 16 48 80 


889 


478 


1867 


5 22 45 50 


8 15 22 40 


1 16 44 18 


848 


843 


1868 B. 


7 20 84 27 


8 15 28 86 


1 16 44 56 


809 


1209 


1869 


9 14 17 80 


8 15 24 82 


1 16 46 87 


268 


1574 


1870 


11 8 84 


8 15 25 28 


1 16 46 19 


228 


1989 


1871 


1 1 48 87 


8 15 26 24 


1 16 47 1 


188 


284 


1872 B. 


2 29 82 14 


8 15 27 20 


1 16 47 48 


148 


599 


1878 


4 23 15 17 


8 15 28 16 


1 16 48 26 


108 


965 


1874 


6 16 58 21 


8 15 29 12 


1 16 49 8 


67 


1880 


1875 


8 10 41 24 


8 15 80 8 


1 16 49 50 


27 


1695 


1876 B. 


10 8 30 1 


8 15 81 4 


1 16 50 82 


898 


2061 


1877 


2 18 4 


8 15 82 


1 16 61 14 


868 


856 


1878 


1 25 50 8 


8 15 82 56 


1 16 61 56 


312 


720 


1879 


8 19 89 11 


8 15 88 52 


1 16 52 88 


272 


1086 


1880 B. 


5 17 27 48 


8 15 84 48 


1 16 58 21 


282 


1452 


1881 


7 11 10 51 


8 15 86 44 


1 16 54 8 


192 


1817 


1882 


9 4 58 55 


8 15 86 40 


1 16 54 46 


152 


112 


1888 


10 28 86 58 


8 15 87 86 


1 16 56 27 


111 


477 


1884 B. 


26 25 85 


8 15 88 82 


1 16 56 9 


72 


848 


1885 


2 20 8 88 


8 15 89 28 


1 16 56 51 


82 


1208 
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Mercur^s Motions for Months. 



TABLE LXXTT. 
MoU. Min, and See, 



Monttia. 



Jan... 



\Bis. 



/Com. 
March 



April.... 

May 

June 

July 

August.. 



September.. 

October 

NoTember... 
December... 




1 

81 
82 
60 

91 
121 
152 
182 
218 

244 
274 
806 
886 



Longitude. 




4 6 83 
4 6 61 49 
4 10 67 22 
8 6 82 88 

12 24 23 
4 16/10 89 

8 22 2 29 

24 48 46 
6 1 40 86 

9 8 82 24 

1 11 18 41 
6 18 10 30 
9 20 66 47 



Aph. 



Nod. 



TABLE LXXI. 
Motions for Days and Eimrs, 



DftJB- 


LoDgiioda. 


Ap. 


No. 


Hoars. 


Longltnde. 




• o / // 


// 


ti 




o / tt 


1 

2 
8 
4 
6 



4 6 88 
8 11 6 
12 16 88 
16 22 10 






1 

1 









1 
2 
8 
4 
6 


10 14 
20 28 
80 42 
040 66 
61 9 


6 
7 
8 
9 
10 


20 27 48 
24 88 16 

28 38 48 

1 2 44 20 
1 6 49 63 


1 

1 
1 
1 

2 




6 
7 
8 
9 
10 


1 1 28 
1 11 87 
1 21 61 
1 82 6 
1 42 19 


11 
12 
18 
14 
16 


1 10 66 26 
1 16 66 
1 19 6 81 
1 28 12 8 
1 27 17 86 


2 
2 
2 
2 

2 


2 
2 


11 
12 
18 
14 
16 


1 62 82 

2 2 46 
2 18 
2 23 14 
2 88 28 


16 
17 
18 
19 
20 


2 1 28 8 
2 6 28 41 
2 9 84 18 
2 18 89 46 
2 17 46 19 


2 
8 
8 
3 
8 


2 

2 
2 
2 
2 


16 
17 
18 
19 
20 


2 48 42 
2 68 66 
8 4 9 
8 14 28 
8 24 87 


21 
22 
28 
24 
26 


2 21 60 61 
2 26 66 24 
8 1 66 
8 4 7 29 
8 8 18 1 


8 
8 
4 
4 
4 


2 
2 
8 
8 
8 


21 
22 
28 
24 


8 84 61 
8 46 6 
8 66 19 
4 6 88 


26 
27 
28 
29 
80 
81 


8 12 18 84 
8 16 24 6 
8 20 29 89 
8 24 86 12 
8 28 40 44 
4 2 46 17 


4 
4 
4 
4 
4 
ft 


8 
8 
8 
8 
8 
8 







Min. 


Long. 


Sec. 


l«g. 




t II 




H 


1 


10 


1 





2 


20 


2 





8 


81 


8 




4 


41 


4 




6 


61 


6 




6 


1 1 


6 




7 


1 12 


7 




8 


1 22 


8 




9 


1 82 


9 


2 


10 


1 42 


10 


2 


11 


1 63 


11 


2 


12 


2 8 


12 


2 


13 


2 13 


13 


2 


14 


2 28 


14 


2 


16 


2 33 


16 




16 


2 44 


16 




17 


264 


17 




18 


8 4 


18 




19 


2 14 


19 




20 


8 26 


20 




21 


8 85 


21 




22 


8 46 


22 




23 


8 66 


28 




24 


4 6 


24 




26 


4 16 


26 




26 


4 26 


26 




27 


4 86 


27 


6 


28 


4 46 


28 


6 


29 


4 67 


29 


6 


80 


6 7 


80 


6 


81 


6 17 


81 


6 


82 


6 27 


82 


6 


88 


6 88 


88 


6 


84 


6 48 


84 


6 


86 


6 68 


86 


6 


86 


6 8 


86 


6 


87 


6 18 


37 


6 


88 


6 29 


88 


6 


89 


6 89 


89 




40 


6 49 


40 




41 


6 69 


41 




42 


7 10 


42 




48 


7 20 


48 




44 


7 80 


44 


8 


46 


7 40 


46 


8 


46 


7 61 


46 


8 


47 


8 1 


47 


8 


48 


8 11 


48 


8 


49 


8 21 


49 


8 


60 


8 81 


60 


9 


61 


8 42 


61 


9 


62 


8 62 


62 


9 


68 


9 2 


68 


9 


64 


9 12 


64 


9 


66 


9 28 


66 


9 


66 


9 88 


66 


10 


67 


948 


67 


10 


66 


9 68 


68 


10 


69 


10 4 


69 


10 


60 


10 16 


60 


10 
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0"— 


!•— 


u»— 


iii«- 


IV- 


v«— 




• 


• 1 ft 


o # /^ 


« t ff 


• t tt 


O f /f 


Of// 


e 








9 84 57 


17 47 21 


22 56 6 


22 46 14 


14 55 46 


80 


1 


19 86 


9 58 11 


18 1 15 


28 1 46 


22 88 86 


14 31 30 


29 


2 


89 12 


10 11 19 


18 14 57 


28 7 8 


22 30 26 


14 6 42 


28 


8 


68 48 


10 29 22 


18 28 26 


28 11 59 


22 21 44 


18 41 25 


27 


4 


1 18 28 


10 47 18 


18 41 42 


23 16 88 


22 12 29 


18 15 89 


26 


6 


1 87 57 


11 6 9 


18 54 45 


28 20 45 


22 2 42 


12 49 23 


26 


« 


1 57 81 


11 22 68 


19 7 86 


28 24 88 


21 62 28 


12 22 89 


24 


7 


2 17 3 


11 40 80 


19 20 11 


28 27 59 


21 41 30 


11 55 27 


28 


8 


2 86 85 


11 58 1 


19 82 38 


28 31 1 


21 80 4 


11 27 48 


22 


9 


2 56 5 


12 15 24 


19 44 41 


28 83 39 


21 18 5 


10 59 44 


21 


10 


3 15 33 


12 32 41 


19 56 34 


28 35 52 


21 5 81 


10 81 14 


20 


11 


3 84 59 


12 49 50 


20 8 18 


28 37 41 


20 52 26 


10 2 20 


19 


12 


3 54 24 


18 6 51 


20 19 87 


28 39 6 


20 88 44 


9 83 2 


18 


18 


4 18 47 


18 23 45 


20 30 45 


23 40 4 


20 24 29 


9 3 22 


17 


14 


488 7 


13 40 30 


20 41 38 


28 40 87 


20 9 40 


8 83 20 


16 


15 


4 52 25 


13 67 8 


20 52 15 


28 40 44 


19 54 17 


8 2 68 


15 


16 


6 11 40 


14 18 87 


21 2 86 


28 40 24 


19 38 20 


7 82 16 


14 


17 


5 80 58 


14 29 57 


21 12 40 


28 39 88 


19 21 48 


7 1 17 


13 


18 


6 60 2 


14 46 8 


21 22 27 


23 38 24 


19 4 48 


6 80 


12 


19 


6 9 6 


1^ 2 10 


21 31 57 


23 36 48 


18 47 8 


6 58 27 


11 


20 


6 28 11 


16 18 3 


21 41 10 


23 84 34 


18 28 49 


6 26 40 


10 


21 


6 47 11 


16 88 46 


21 50 6 


28 81 57 


18 10 


4 64 39 


9 


22 


7 6 7 


16 49 19 


21 58 42 


23 28 51 


17 60 88 


4 22 26 


8 


23 


7 24 58 


16 4 42 


22 7 


28 26 16 


17 80 42 


8 50 1 


7 


24 


7 43 46 


16 19 56 


22 16 


23 21 12 


17 10 18 


8 17 28 


6 


26 


8 2 30 


16 84 57 


22 22 41 


28 16 88 


16 49 10 


2 44 46 


6 


26 


8 21 9 


16 49 48 


2280 2 


28 11 84 


16 27 34 


2 11 67 


4 


27 


8 89 48 


17 4 29 


22 87 8 


28 6 


16 5 25 


1 89 8 


8 


28 


8 68 13 


17 18 58 


22 48 45 


22 59 56 


16 42 44 


1 6 4 


2 


29 


9 16 87 


17 38 16 


22 60 6 


22 58 21 


16 19 31 


88 8 


1 


80 


9 84 57 


17 47 21 


22 56 6 


22 46 14 


14 55 46 










XIH- 


X.+ 


1X4- 


VI11«-J- 


VUM- 


VI.^ 



TABLE LXXIV- 
Egmation* 2 and 3. Aluny* Affirmative. 



Any- 




t 
9" 


260 


2 


Arg. 
520 


2 

5" 




Arg. 




3 
5" 


Arg. 
650 


8 

5" 


Arg. 

1800 


8 


Arg. 


8 


19" 


1950 


8- 


20 


9 


280 


2 


640 


4 




50 


4 


700 


6 


1860 


19 


2000 


7 


40 


9 


300 


4 


660 


8 




100 


8 


750 


7 


1400 


19 


2050 


6 


60 


8 


820 


6 


660 


2 




160 


2 


600 


8 


1450 


19 


2100 


5 


80 




840 


6 


600 


1 




200 


2 


650 


10 


1600 


19 


2150 


4 


120 




360 


7 


620 


1 




260 


1 


900 


11 


1660 


16 


2200 


8 


140 




880 


8 


640 


1 




800 


1 


950 


12 


1600 


17 


2250 


2 


160 




400 


9 


660 


1 




860 


1 


1000 


14 


1650 


16 


2800 


1 


180 




420 


9 


680 


2 




400 


1 


1060 


16 


1700 


16 


2350 


1 


200 




440 


9 


700 


8 




450 


1 


1100 


16 


1760 


14 


2400 


1 


220 




460 


9 


720 


5 




500 


2 


1150 


17 


1800 


13 


2450 


1 


240 




480 


8 


740 


6 




550 


3 


1200 


18 


1860 


11 






260 




500 


7 


760 


7 




600 


4 


1250 


18 


1900 


10 






280 


■^ 


620 


6 


780 


8 




660 


5 


1800 


19 


1950 


8 







^9 
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TABLE LXXT. 



Mtrcur^t RacUv* Vector. 
ARauHEirT. Mean AnoButlj, 





9* 


I> 


n» 


m* 


IVi 


T. 




0** 


0.46669 


0.45928 


0.48784 


0.40808 


0.86188 


0.82862 


80« 


1 


0.46668 


0.45872 


0.43688 


o.4om 


0.85997 


0.82268 


29 


2 


0.46666 


0.45820 


0.48540 


0.40089 


0.85857 


0.82167 


28 


8 


0.46662 


0.45767 


0.48441 


0.89907 


0.86717 


0.82078 


27 


4 


0.46666 


0.45712 


0.48841 


0.89773 


0.85578 


0.81982 


26 


5 


0.46649 


0.45655 


0.48240 


0.89689 


0.85440 


0.81898 


25 


6 


0.46639 


0.45697 


0.48187 


0.89504 


0.85802 


0.81807 


24 


7 


0.46628 


0.45587 


0.48082 


0.89868 


0.85164 


0.81726 


28 


8 


0.46616 


0.45475 


0.42927 


0.89281 


0.85028 


0.81645 


22 


9 


0.46602 


0.45412 


0.42820 


0.89094 


0.84892 


0.81568 


21 


10 


0.46586 


0.45847 


0.42712 


0.88956 


0.84767 


0.81495 


20 


11 


0.46569 


0.46281 


0.42602 


0.88818 


0.84624 


0.81424 


19 


12 


0.46549 


0.45218 


0.42492 


0.88679 


0.84491 


0.81867 


18 


18 


0.46529 


0.45144 


0.42880 


0.88540 


0.84859 


0.81298 


17 


14 


0.46506 


0.45078 


0.42266 


0.88400 


0.84229 


0.81282 


16 


15 


0.46482 


0.45001 


0.42152 


0.88260 


0.84099 


0.81176 


15 


16 


0.46456 


0.44927 


0.42086 


0.88120 


0.88972 


0.81121 


14 


17 


0.46429 


0.44851 


0.41919 


0.87979 


0.88845 


0.81071 


18 


18 


0.46400 


0.44774 


a41802 


0.87888 


0.88720 


0.81024 


12 


19 


0.46869 


0.44696 


0.41682 


0.87696 


0.88597 


0.80981 


11 


20 


0.46887 


0.44616 


0.41562 


0.87555 


0.88475 


0.80941 


10 


21 


0.46802 


0.44584 


0.41441 


0.87418 


0.88855 


0.80905 


9 


22 


0.46267 


0.44451 


0.41818 


0.87271 


0.88286 


0.80878 


8 


28 


0.46229 


0.44866 


0.41195 


0.87129 


0.88120 


0.80844 


7 


24 


0.46190 


0.44280 


0.41070 


0.86987 


0.88005 


0.80819 


6 


25 


0.46150 


0.44198 


0.40945 


0.86845 


0.82898 


0.80798 


5 


26 


0.46108 


0.44104 


0.40818 


0.86704 


0.32782 


0.80781 


4 


27 


0.46064 


0.44014 


0.40691 


0.86562 


0.82674 


0.80768 


8 


28 


0.46018 


0.43922 


0.40562 


0.86420 


0.82567 


0:80758 


2 


29 


0.45971 


0.43829 


0.40488 


0.86279 


0.82464 


0.80752 


1 


80 


0.45928 


0.48784 


0.40808 


0.86188 


0.82862 


0.80750 







XI* 


X» 


IX« 


VIII. 


vn« 


Vli 
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Reduction to the Ecliptic. 
Abovuxht. Orbit Long, of Mercury — ^Long. of Node. 
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0- , YI« 


I" , vn- 


n« , "viii" 


III" , IX" 


IV , X" 


V" 


, XX- 


(y* 


— 0'15" 


— 11' 22" 


— 11' 25" 


— 0'16" 


+ 10' 65" 


+ 


10' 52" 


1 


42 


11 85 


11 11 


+ 12 


11 8 




10 38 


2 


1 9 


11 48 


10 66 


89 


11 19 




10 24 


8 


1 85 


11 59 


10 41. 


1 6 


11 81 




10 8 


4 


2 2 


12 10 


10 25 


1 38 


11 42 




9 62 


6 


2 29 


12 20 


10 8 


1 69 


11 61 




9 86 


6 


— 2 66 


— 12 28 


— 9 50 


+ 2 26 


+ 12 


+ 


9 17 


7 


8 21 


12 86 


9 82 


2 52 


12 8 




8 69 


8 


8 47 


12 48 


9 18 


8 18 


12 15 




8 40 


9 


4 J18 


12 49 


8 53 


8 44 


12 21 




8 20 


10 


4 88 


12 56 


8 88 


4 10 


12 26 




8 


11 


— 6 8 


— 12 69 


— 8 12 


+ 4 36 


+ 12 30 


+ 


7 89 


12 


5 28 


18 2 


7 60 


6 


12 83 




7 17 


18 


5 52 


18 6 


7 28 


6 24 


12 85 




6 66 


14 


6 16 


18 6 


7 6 


6 49 


12 37 




6 88 


16 


6 40 


18 7 


6 42 


6 12 


12 87 




6 10 


16 


— 7 8 


— 18 7 


— 6 19 


+ 6 85 


+ 12 86 


+ 


5 46 


17 


7 25 


18 6 


5 64 


6 68 


12 36 




6 22 


18 


7 47 


18 8 


5 80 


7 20 


12 82 




4 58 


19 


8 9 


18 


6 6 


7 42 


12 29 




4 38 


20 


8 80 


12 56 


4 40 


8 3 


12 26 




4 8 


21 


— 8 60 


— 12 61 


— 4 14 


+ 8 28 


+ 12 19 


+ 


8 48 


22 


9 10 


12 46 


8 48 


8 43 


12 13 




8 17 


28 


9 29 


12 88 


8 22 


9 2 


12 6 




2 61 


24 


9 47 


12 80 


2 66 


9 20 


11 68 




2 26 


25 


10 5 


12 21 


2 29 


9 88 


11 49 




1 59 


26 


— 10 22 


— 12 12 


— 2 8 


+ 9 56 


+ 11 40 


+ 


1 32 


27 


10 88 


12 1 


1 86 


10 11 


11 29 




66 


28 


10 54 


11 49 


1 9 


10 26 


11 18 




88 


29 


11 8 


11 88 


42 


10 41 


11 6 


+ 


12 


80 


— 11 22 


— 11 26 


— 16 


+ 10 56 


+ 10 62 




15 



TABLE LXXVn. 

Heliocentric Longitudes, dec., of the Planet Venus, at the times of the neoct 
two Transits over the Sun's Disc 



Times. 


Hel. Long, from 
true Bqninox. 


Hel. Lat 


Bad. Vector. 


1874, Dec. 8tli, at 12h. 
16h. 
20h. 

1882, Deo. 6th, at noon. 
4h. 
8h. 


76<» 41' 86.6" 

76 57 44.1 

77 18 61.6 

74 12 66.7 
74 29 2.5 
74 46 9.7 


4' 6.3"N. 
6 8.5 
6 1.0 

4 58.18. 
4 0.8 
8 8.6 


0.7203632 
0.7208449 
0.7203268 

0.7205502 
0.7206816 
0.7206127 



Note. — Th$ Aberration in Longitude at the time of each Transit, is 8.4" 
be added to the true geocentric longitude, to obtain the apparent longitude. 
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TABLE LXXVm. 



Mercurt/s Heliocentric Latitude for the year 1800^ toith the Secular 

Variation. 





Argument. 


Orbit Longitude of Mercury — ^Long. of Node. 






Latitude. 


8«e. 
V«r. 


^^ 


LaUtudo. 


8m. 
Var. 


^iLatltnda. 
Lat ill* N. 


Sec. 
Var. 


Uj^ 




0* N. 


!• N. 






VI. 8. 


+ 




VIIi 8. 


_+__ 




VIII, 8. 


+ 






o 


O f ff 







O 1 f 


n 




o 1 n 







o 











10.00000 


3 29 89 


9 


9.99919 


6 8 85 


16 


9.99757 


80 


1 


7 19 





10.00000 


3 85 58 


9 


9.99914 


6 7 13 


16 


9.99752 


29 


2 


14 87 


1 


10.00000 


3 42 18 


10 


9.99909;! 6 10 48 


16 


9.99747 


28 


8 


21 56 


1 


9.99999 


8 48 24 


10 


9.99904,, 6 14 7 


16 


9.99742 


27 


4 


29 14 


1 


9.99998 


8 54 81 


10 


9.99899! 


6 17 24 


16 


9.99788 


26 


5 


0.86 81 


2 


9.99998 


4 88 


10 


9.99894 


6 20 84 


17 


9.99788 


25 


6 


48 48 


2 


9.99996 


4 6 81 


11 


9.99888 '6 28 87 


17 


9.99729 


24 


7 


51 4 


2 


9.99995 


4 12 25 


11 


9.99888', 6 26 88 


17 


9.99725 


28 


8 


58 19 


2 


9.99994 


4 18 14 


11 


9.99877! 


6 29 22 


17 


9.99721 


22 


9 


1 5 88 


8 


9.99992 


4 28 59 


11 


9.99872' 


6 82 4 


17 


9.99717 


21 


10 


1 12 46 


8 


9.99990 


4 29 88 


12 


9.998661 


6 84 89 


17 


9.99718 


20 


11 


1 19 58 


8 


9.99988 


4 85 18 


12 


9.99861 1 


6 87 6 


17 


9.99710 


19 


12 


1 27 8 


4 


9.99986 


4 40 48 


12 


9.99866,6 39 27 


17 


9.99706 


18 


18 


1 84 17 


4 


9.99984 


4 46 8 


12 


9.99849| 6 41 89 


17 


9.99708 


17 


14 


1 41 24 


4 


9.99981 


4 51 27 


18 


9.99844* 


6 48 45 


18 


9.99700 


16 


15 


1 48 29 


5 


9.99978 


4 56 41 


18 


9.99888 


6 45 43 


18 


9.99697 


15 


16 


1 55 82 


5 


9.99975 


5 1 50 


13 


9.99832 ' 6 47 84 


18 


9.99694 


14 


17 


2 2 88 


5 


9.99972 


5 6 58 


13 


9.99827 i 6 49 17 


18 


9.99691 


18 


18 


2 9 81 


6 


9.99969 


5 11 51 


14 


9.99821!; 6 50 52 


18 


9.99689 


12 


19 


2 16 28 


6 


9.99966 


6 16 48 


14 


9.99816.! 6 52 21 


18 


9.99687 


11 


20 


2 28 22 


6 


9.99962 


5 21 29 


14 


9.99810 


6 58 41 


18 


9.99685 


10 


21 


2 80 18 


6 


9.99959 


5 26 9 


14 


9.99804 


6 64 54 


18 


9.99688 


9 


22 


2 87 2 


7 


9.99055 


5 80 44 


14 


9.99799 6 55 59 


18 


9.99681 


8 


28 


2 48 48 


7 


9.99951 


5 85 12 


15 


9.99793 ' 6 56 57 


18 


9.99680 


7 


24 


2 50 81 


7 


9.99947 


5 89 84 


15 


9.99788 i 6 57 47 


18 


9.99678 


6 


25 


2 57 11 


8 


9.99942 


5 48 51 


15 


9.99782 6 58 29 


18 


9.99677 


6 


26 


8 8 47 


8 


9.99988 


5 48 


15 


9.99777 6 59 4 


18 


9.99676 


4 


27 


8 10 21 


8 


9.99983 


5 52 4 


15 


9.99772, 6 59 81 


18 


9.99676 


8 


28 


8 16 50 


9 


9.99929 


5 56 1 


15 


9.99767!, 6 59 51 


18 


9.99675 


2 


29 


8 28 17 


9 


9.99924 


5 59 51 


16 


9.99762il7 2 


18 


9.99675 


1 


80 


8 29 89 


9 


9.99919 


6 8 85 


16 


9.9975717 6 


18 


9.99675 







XI> & 


+ 




X* 8. 






jx« a 










V N. 




1V» N. 


+ 




IW N. 


+ 




. „1 



Multiplier for 
Aber, in Lat 
Arg, Geoc, Lat, 



Aberration in Latitude, Part IV. 



AfK. 


Mult. 


OO 


0.00 


1 


0.02 


2 


0.08 


8 


0.05 


4 


0.07 


5 


0.09 


6 


0.10 


' 


0.12 





Argument. Arg. of ] 


[jatitude 


. 


Arg. 


Aber. 


Arg. 


Arg. 


Aber. 


Arg. 


0» 


— 5" 


860O 


90* 


— 1" 


270« 


-10 


5 


850 


100 





260 


20 


5 


840 


110 


+ 1 


250 


80 


4 


830 


120 


1 


240 


40 


4 


820 


130 


2 


280 


60 


8 


810 


140 


2 


220 


60 


8 


800 


150 


8 


210 


70 


2 


290 


160 


8 


200 


80 


1 


280 


170 


8 


190 


90 


— 1 


270 


180 


+ 8 


180 
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Aherration of Mercury in Langitvde, 
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PurtL Arg. Bong. 


Part n. Arg. Ann. P»r. 


PartlU. Arg. Gmc Long. 


Son. 


Aberrmt 


Bon. 


Ann. 
Par. 


Abemt 


Ann. 
Par. 


0«oc 
Long. 


Abarrmt 


G«oe. 
Loog. 


o 


It 


o 


o 


ft 


o 


o 


It 


o 





— 20 — 


360 





— 83 — 


360 





-1 + 


180 


4 


20 


366 


4 


83 


366 


4 


184 


8 


20 


862 


8 


82 


352 


8 


8 


188 


12 


20 


848 


12 


82 


848 


12 


8 


192 


16 


19 


344 


16 


81 


844 


16 


4 


196 


20 


19 


340 


20 


31 


340 


20 


4 


200 


24 


18 


386 


24 


30 


886 


24 


4 


^ 


28 


18 


332 


28 


29 


332 


28 


6 


82 


17 


328 


82 


28 


328 


32 


6 


212 


86 


16 


324 


86 


26 


324 


86 


6 


216 


40 


16 


320 


40 


26 


320 


40 


6 


220 


44 


14 


316 


44 


24 


316 


44 


6 


224 


48 


13 


312 


48 


22 


312 


48 


6 


228 


62 


12 


808 


62 


20 


308 


62 


6 


282 


66 


11 


804 


66 


18 


804 


66 


7 


236 


60 


10 


800 


60 


16 


300 


60 


7 


240 


64 


9 


296 


64 


14 


296 


64 


7 


244 


68 


8 


292 


68 


12 


292 


68 


7 


248 


72 


6 


288 


72 


10 


288 


72 


7 


262 


76 


6 


284 


76 


8 


284 


76 


7 


266 


80 


8 


280 


80 


6 


280 


80 


7 


260 


84 


2 


276 


84 


8 


276 


84 


7 


264 


88 


— 1 — 


272 


88 


— 1 — 


272 


88 


7 


268 


92 


+ 1 + 


268 


92 


+ 1 + 


268 


92 


7 


272 


96 


2 


264 


96 


8 


264 


96 


7 


276 


100 


8 


260 


100 


6 


260 


100 


6 


280 


104 


6 


266 


104 


8 


266 


104 


6 


284 


108 


6 


262 


108 


10 


262 


108 


6 


288 


112 


8 


248 


112 


12 


248 


112 


6 


292 


116 


9 


244 


116 


14 


244 


116 


6 


296 


120 


10 


240 


120 


16 


240 


120 


6 


800 


124 


11 


286 


124 


18 


286 


124 


4 


804 


128 


12 


282 


128 


20 


232 


128 


4 


808 


132 


13 


228 


132 


22 


228 


132 


4 


312 


136 


14 


224 


136 


24 


224 


136 


8 


816 


140 


16 


220 


140 


26 


220 


140 


8 


320 


144 


16 


216 


144 


26 


216 


144 


2 


824 


148 


17 


212 


148 


28 


212 


148 


2 


828 


162 


18 


208 


162 


29 


208 


162 


1 


832 


166 


18 


204 


166 


80 


204 


166 


1 


886 


160 


19 


200 


160 


31 


200 


160 


-0 + 


840 


164 


19 


196 


164 


31 


196 


164 


+ — 


844 


168 


20 


192 


168 


82 


192 


168 





348 


172 


20 


188 


172 


82 


188 


172 


1 


852 


176 


20 


184 


176 


33 


184 


176 


1 


366 


180 


+ 20 + 


180 


180 


+ 83 + 


180 


180 


+ 2- 


860 
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